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PREFACE. 


I DESIRE to record my respectful acknowledgments for their support and encouragement, 
without which this book could not have been published, to the Right Hon. The Secretary of State for 
India in Council, and H.E. The Governor of Madras in Council ; as also my cordial thanks to those who 
have from time to time favoured me with their help and advice. Dr. J. F. Fleet has assisted me from 
beginning to end in many ways, and I cannot too strongly express my obligation to him : he has not 
only given rrie throughout the benefit of his extensive knowledge of the subject, but has taken the 
trouble to assist me in the often wearisome work of correcting the proofs : while, however, he has 
supplied me with a few bases for work and some notes, remarks and suggestions, he is not to be held 
in any way responsible for the methods and teaching in this volume, wliich are my own. Dr. Robert Schram 
has devoted many days of hard labour to elaborate calculations for ascertaining the correct value of the 
§ddhya, an important element for some astronomical processes, at the beginning of the Kaliyuga ; and 
I have also to thank him for his permission to reprint his Table (Table XXII 1 . of the present Volume) 
for simplifying the calculation of nakshatras. Mr. A. C. D. Crommelin, of the Greenwich Observatory, 
was kind enough to advise me in the matter of the late Mr. Sh. B* Dikshit’s method of computing the 
longitudes of Jupiter. My acknowledgments are due to Professor Hermann Jacobi of Bonn for bis 
generous permission to adopt some of the Tables published by him in the Epigraphia Indica^ Fo/s.Z., //., 
and the Indian Antiquary^ VoL XVII., and to reproduce them ; but I have not found it necessaiy to 
do so for general purposes, and for special purposes have thought that the more proper course for me 
is simply to refer the reader to the Professor’s publications. I have, however, made use of Tables 5 and 6 
f)f his Indian Antiquary article on Methods and Tables for Verifying Indian Dates’" (Vol. XVII., 
pp* 163, 164), modifying them as explained in §§ 85A to 850 of the Text ; and I must tender him 
my sincere thanks for his permission to do so. Finally, I have to thank Messrs. Thacker, Spink & Co. 
of Calcutta for permission to reprint, from General Sir Alexander Cunningham’s Book of Indian Eras, 
the Tables here numbered XLLA. and XLI.B. 


R. SEWELL. 
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THE INDIAN CALENDAR. 
ERRATA. 


P. 6, line 21 1— For '• Tueedey ” rmd “ Monday.” 

Id. id. 22. — Fm " with the 688,466th day *’ read “ with the day 688,466 elapaod, 688,467 current.” 

P. 8, Note 8, line 1. —For " 1 ’’ read " 2.” 

P. 10, line 6.— For “ The Siddh&nta ” read " Mufij&la, as quoted in the Siddhdnta.” 

. Id. id. 12.— Per “ suspicious ” read ” auspicious.” 

P. 18, Note, line 11.— For " 1109 ” read “ 1809.” 

P. 18, line 17^ For " 4.20 " read " 4.42.” 

P. 28, Art. 48, line 6.— For " p. 26 ” read " p. 26.” 

P. 82, line 16. — For " Viliyatl ” read “ Atnli.” 

P. 87, Note 2, line 1.— Omit “ superior,” und for " conjunctions” read " conjunction.” 

Do. do. line 2. — For " or " read “ and also.” 

P. 40, Note 2, last line but one. — For “ however ” read “ also.” 

P. 41, Note 4.— For " Note 8, p. 81 ” read " Note 2, p. 32.” 

P. 42, line 16. — For “ above ” read " below.” 

P. 44, line 29. — After “ Fasali year " odd " 1300.” 

Id. line 30.— For “ 1882 ” read " 1892.” 

P. 46, line 11.— For " 599 " read " 699—600.” 

Id. line4frombottom.— Per *' throe cycles " reod “ two cycles.” 

P. 66, lino 8. — For “ Saka, 496 ” reod “ Sake 419.” 

P. 67, Foot. — For Note " 4 ” read " 2.” 

P. 68, Art. 104, line 2.— After ” below ” add " it.” 

Id. Art. 104 (i), line 3.— After “ given year the "add" second, otherwise the 6rst.” 

Id. id. line 4 -For " O/I ” read " 0.” 

Id. id. lines 4,6.— Omit the senUnce " in the reverse ... by one.” 

P. 69 (6), line 3. — After “ given year the ” odd " second, otherwise the first.” 

Id. id. lino 4.— For " O/I ” read “ 0.” 

Id. id. id. — Omit the senUnee " in the reverse case ... by one.” 

P. 62, Note 1.— Omit " 11.” 


P. 63, Art. 121 .— For " (2) ” reod " (3).” 

P. 72, Note, line 2.— For “ (p. 76, Note 2) ” read " (p. 77, Note 4).” 

^P. 74, Example 11, Answer.- For ” (see Example 1, above) ” read " (see Examples, pp. 66, 07)." 
P. 87, line 18.— After " month ” add " *.e., the moment of the sankrtnti.” 

P. 93, Note 2.— For " 4 ” reod " 8.” 

P. 94, line 1.— After " month ” odd " i.e., the moment of the sankrfinti.” 

P. 98, line 6.— For “ xviii.” read " xxiii.” 


P. 106, Rule 3.— For “ 167 ” read " 168." 

Table I., p. ill., cols. 21, 22, 24, 26.— For “ 84,” " .102,” " 896,” " 266,” respeetivelv, re^ " 36,” " .106,” " 896,” " 265.” 

P. cvi.. Table II., Part III.— Add "N.B.iil^Figuros in this Table and in Table I. are given on the supposition that the Saks 

and Vikrama years which are in use at the present day arc expired years, and the rest current 


onw. 

Table IX., pp. cxvi., oxvlJ.— The figures given are for days in common years. For dates after February 29th in a Leap-year 

the number given must be edvanced by 1 . Thus, the number lor July let in a Leap-year is 183, 
for September 18th, 262, Ac. 

Table W., Additione and Correctiota. p. U^Vnder the heading " Sfirya Siddhinta,” snb-colnmn “ degrees,” oppo^ *^ »««»• 

" 70,” for “ 14 ” read " 24.” In the last column of the heading TaVe, oppoeite Sfirya Siddhiinta 
with blja,” for " 4' ” read " 44'.” 
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ADDITIONAL NOTES. 


In § 44 (i), p. 19, I have stated, in accordance with § 96 and Table, pp. 54. 55 of the Indian 
Calendar, that the difference in the moment of true MSsha samkr&nti of A.D. 496, as calculated respec- 
tively by the First Arya and Present SUrya Siddhantas was nil, while there was a real difference in every 
other year. As I find that some doubt exists on that point I have been at pains to ascertain the truth. 
The following computation proves the correctness of my statement. I use Dr. Fleet’s method (text, 
p. 56, note 2) and Dr. .Schram’s Julian Calendar Tables. The year K.Y. 3597 ended in A.D. 496. 


Arya Siddhdnta. 
Sunrise epoch of the K.Y. in elupeed days 
of Julian period, at mean ronriae on 
February 18, 3102 B.C. 

1 year . . 365.2586803 

X 3567 

1,313,835.4739583 . 


0 March, A.D. 496 . , 

Mean M6aha aamk., March 
Deduct tSdhya • 

True Mssha aamk., March 


688,466.0000000 

1 .313,835.4789 58ft 

1 902,301. 4739Mft 
1. 902,281.000000 0 

20.473968ft 

—2.147569 4 

18.3268ft 


Surya Siddhdnta. 


Midnight epoch of the K.Y. in elapsed 
da 3 rs of Julian period, at previous 

midnight 

1 year . . 365.258756481 

X 359 7 

1,313,836.747063ft . . 

0 March, A.D. 496 

Mean MSsha samk., March 

Deduct Sodhya ■ 


588,466.7500000 


1,813,830.747068ft 

1,902,301. 497068ft 
1,902,28 1.0000000 

20.407063ft 

—2.1706944 


True M^Bha Bamk., March 


18.3203694 


By both authorities, therefore, true Mesha saihkranti occurred on March i8th, A.D. 496 ; but 
the Arya Siddhdnta fixes the time as 7 h. 50 m., while the Sitrya Siddhdnta fixes it as 7 h. 49 m. 58.32 s. 
(I convert the decimals to time by Table XXXVI.). The difference between them only amounts to 
1.68 s., and this slight disagreement would perhaps disappear if we could determine the value of the 
^6dhya by the two authorities vsith absolute exactness. 


II. 

Extension of Example i, p, 81. 

Examjde 1 only deals in whole minutes. Where seconds are required, for closer calculation of 
the moment of any Mesha saihkranti according to the Siirya Siddhdnta, the process will be as follows : 

Rule. Take dowm the time according to the Arya Siddhdnta from cols. 13-17 of Table I., and 
add, if necessary, the 30 seconds requisite, as shewn in “ Hint '' No. 20, p. 79. Referring to the Table 
on p. 55 of the Indian Calendar, calculate the SiddhSnta difference for the interval of years between 
A.D. 496 and the given year, and apply it to the former figure,^ after converting the decimals of a 
minute into seconds. The result gives the moment of MSsha saihkranti according to the Surya Sid- 
dhdnta in seconds as well as minutes. 

Wanted, the moment of tnie MSsha saihkranti by the Surya Siddhdnta in A.D. 1613, which the 
Indian Calendar, Table I., cols. 13 and 17a, fixes as March 28th at 8 h. 35 m. 

h. m. s. 

True Mesha samk. by the Arya Siddhdnta, adding 30 seconds 

as required by “ Hint ” No. 20 . . .28 March 6 32 30 

Difference of years (1613 — 496=) 1,117. By Table on Indian 
Calendar, p. 55. 

yr 5 . diff, 

900 = 98.4 
200 = 21.9 
10 = 1. 1 
7 === 0.8 

1,117 =122.2 (.2 = I2S.) . . . . 2 2 12 

True Mesha saihkranti by the Surya Siddhdnta ... 8 34 42 


The exact moment required w^as, therefore, 28th March, A.D. 1613, at 8 h. 34 m. 42 s. 
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INTRODUCTORY. 

1. The Indian Calendar^ the joint work of the late Mr. Shankar Balkrishna Dikshit^ and myself, 
has now been before the public for fifteen years. It has been extensively used by the leading epigraphists 
of the day, and from the absence of adverse criticism I trust I am justified in assuming that it has, on 
the whole, merited their approbation. Its defects are partly due to the difficulty of the subject with 
which it was intended to deal. Of misprints, I hope and believe that there are few liesides those given 
in the Errata list on p. XI. above. 

2. But I am advised that the Indian Calendar is by no means free in places from a certain 
amount of obscurity and that its processes have not been quite sufficiently explained in the text — a 
defect which (without at all wishing to be controversial I may perhaps be permitted to plead) it shares 
with every other work yet published on the same subject. 

3. The present volume is intended partly to remedy that obscurity. It is also designed, by 
offering some further Tables which it is hoped will be found useful and time-saving, to assist not only 
epigraphists, but also those engaged in testing the genuineness of ancient documents relied on in the 
Law Courts, to whom it must always be troublesome to have constantly to turn from one volume to 
another and who may be in the habit of using the Indian Calendar. Lastly its object is to help those as 
yet not greatly experienced in making chronological calculations by giving them a scries of fully-worked 
examples. In these examples and in the text which precedes them an attempt has been made to explain 
fally and clearly the reasons for every process adopted, and the basis of formation of the Tables. A set 
of new Tables for finding the true and mean longitude of Jupiter at any moment is appended, as well 
as for testing the correspondence of the Jovian samvatsara with the current solar or luni-solar year. 
Other Tables are added as aids by the way. I desire to state once for all that I have no intention 
whatever of impugning the accuracy of other works on 'the subject, or of claiming the slightest 
superiority for our Indian Calendar methods over those of Professor Hermann Jacobi and others. In all 
cases of doubt or difficulty Professor Jacobi's ** Special Tables " in the Epigraphia Indica^ Vol. I., 
pp. 403 ff, which determine longitudes in degrees, minutes and seconds, should be resorted to. The 
Indian Calendar system, which followed Professor Jacobi's former Paper and Tables in the hidian 
Antiquary in basing its calculations on what may be called the a^h^ c'' method, has for its time-unit 
a unit of about 4J* minutes. This is usually quite accurate enough, and the method has the advantage 
of being simple and easy to manipulate. 

In this Volume 1 employ the customary spelling of the name. 

3 
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INDIAN CHRONOGRAPHY. 


4. The Hindu standard astronomical works with which the present volume is principally 
concerned are the First Arya Siddh&nta of Aryabhata ‘ (date about A.D. 499), and the PresetU SHrya 
Siddhania, which has been in use in large parts of India since about A.D. 1100. These are the works 
respectively meant in these pages whenever the terms " The Arya SiddhSnta ” and " The SOiya 
Siddhanta ” are used. When allusion is made to the bija or correction introduced into the latter from 
about A.D. 1500 the fact is always expressly stated. The Original SHrya Siddh&nta (in use before 
about A.D. 550), the Brahma Siddhanta, the Second Arya Siddhania and others are always mentioned 
with their full titles. 

Whenever the word “ sainvatsara ” is u.sed in these pages with no qualification the Jovian or 
Brihaspati samvatsara is meant, i.e., the average period during which Jupiter remains by his mean 
motion in a sign of the zodiac, or one-twelfth of the great circle on the plane of the ecliptic, 

5. Table I. of the Indian Calendar contains (Cols. 8 to 12 and 8a to i2a) the figures which, by 
the a, b, c system, prove w'hich lunar months were intercalated or suppressed by both the true and mean 
systems from K.Y. 3401 expired (A.D. 300), down to K.Y. 4201 (A.D. 1100) ; and thereafter, down 
to K.Y. 5001 expired (A.D. 1900), b}' the true sj'stem only ; but as the opinion has been growing of late 
years that in many parts of India the use of the mean system may have been prolonged for a considerable 
time subsequent to A.D. 1100, it has become necessary to devise rules and tables by which a result, given 
or obtained, by the true system may be easily and accurately converted into a result by the mean 
system, and vice versa. 

For similar reasons it is advisable to have at hand an easy method for converting the time of 
solar saihkrSntis as found by either the Arya or the Surya Siddhanta into the time according to the 
other. The present Tables and Rules supply this want. 

5A, I may add that for a general .sketch of the HindQ calendar, eras, and other reckonings, which 
is calculated to be of considerable use to students as a preliminary study before they attempt to apply 
to practical use the teaching of my two books on the subject, reference may be made to Dr. Fleet’s 
article on “ KindQ Chronology ” in the recently published new edition of the Encyclopedia Britannica. 


DATES OF EARLY INSCRIPTIONS. 

6. Before proceeding further a few notes on the dates of early inscriptions may be found useful. 
Tliese notes are based on the late Professor Kielhorn’s Lists of the Inscriptions of Northern and 
Southern India, respectively published as Appendices to the Epigraphia Indica, Vols. V. and VII. 
(1898-99, 1902-3), and therefore refer only to such inscriptions as were known to him, or at least whicft 
had been examined and finally recorded by him. In these publications he has included 1806 inscriptions. 
Many thousands of others are known to exist, and therefore the remarks which follow must only be 
regarded as temporary and provisional. I omit all inscriptions regarding which a doubt exists, or which 
are not accepted as genuine by the best authorities. 

7. The earliest genuine inscription-date in the MSlava-Vikrama era is contained in the engraved 
pillar-record of the Varika R£ja Vishnuvardhana at Bijayagadh in RajputfinS. ^ The stated year, 

' I am indebted to Dr. Fleet for a luggeation that in future the Firtt Arya Siddh&nta, aa so oalied in the Indian 
Calendar and In this work, should be described by its "oorreot name” — the" Aryabhatlya,” and that the iSscondAfyoi^iddAdnia 
should be known as the " ixya Siddhinta.” The suggestion comes too late for me to make any use of it ; and for the reasons 
giren in the note preoeding'Tablc XXXVII., I prefer to attempt no such alteration in the present Tolume. (Sec J. R, A. S. 
1011, p. 114.) 

" It was published by Dr, Fleet, Oupta Ineeriptkme (Corpus. Inscr. Indio. III.), No. 60, p. 262. Kielhorn’s Northern 
List, No. 1. 
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428 expired, is in this reckoning, though the era itself is not mentioned. The date does not admit of 
exact verification, being simply '' PhSlguna kr. 15,’* the new-moon day of probably purnimSnta 
PhSlguna (amSnta Magha). The reckoning was luni-solar and the A.D. year is 372. 

8. The earliest known definite mention of this Malava era is in the Mandasor (Malwa) inscription 
of KnmSragupta L of a date falling in December A.D. 436. ^ The month and day arc stated in luni-solar 
reckoning, the months, two in number, being given the old season-names Sahasya and “ Tapasya ’’ 
for the more modem Pausha and PhSlguna. (List in Indian Calendar, p, 24, § 41.) 

9. The earliest known mention of the Kalachuri-Chedi era, in an inscription undoubtedly genuine, 
is found in the PardI (Surat) plates of the Maharaja Dahrasena which bear a date in the year 207 
falling in A.D. 456 or 457. The reckoning is luni-solar. ^ 

10. The earliest mention of the Saka era in a genuine inscription is found in the Badami cave- 
inscription of the Western Chalukya prince, Ranavikranta Mahgaleisvara, afterwards king, dated in 
i^aka 5bo (expired), or A.D. 578. ^ The day was the full-moon day of Karttika. The reckoning u'as 
luni-solar. In Northern India the earliest mention of this era is found in the Deogadh (Lalitpur, 
Central Provinces) Jaina inscription of Saka 784 (expired), A.D. 862, where it is given as 
subsidiary to the real date in the Vikrama era. * The next known instance of its use in the 
north, except in KathiawSr and Gujarat, is in A.D. 1137-38. On this era see Fleet (/'. R, A, S„ July, 
1910, pp. 818-24.) 

11. The Kali5niga era is not often mentioned in inscriptions. The earliest such date is in 
the Aihole inscription of PulakS^in TI., the Western Chalukya king, which belongs to A.D. 634-35.*'' 
The next instance known is of A.D. 770 : the next of 866. These are in Southern India. In Northern 
India the earliest known instance occurs in A.D. 1169 or 1170.® On the general subject of this 
era see Dr. Fleet's articles in J, R, A. S., 1911, pp. 479 ff., 675 ff. 

12. With regard to the sixty-year cycle of Jupiter the question as to the earliest known mention 
of it is somewhat doubtful. In Kielhom's “ Southern In.scription List," p. 3, No. 5, is noted a pillar- 
inscription of the W. Chalukya king MarigaleSa at MahakQta, near BSdami, the date of which is stated 
as on the full-moon day of V^ai§ 3 kha in the fifth year of his reign, pravarttamdne Siddhdrthe, which has 
been translated " in the current Siddliartha (sariivatsara) " and “ in (the year) SiddhSrtha being current," 
with the effect of placing the record on 12th April, A.D. 602. Dr. Fleet published this inscription in 
Ind. Ant. XIX., p. 7 ff. Professor Kielhom, in his last reference to this record, used the words 
“ Siddhiirtha, if it is really intended here," implying that he was not perfectly assured on that point 
{List, quoted, No. 5). But Dr. Fleet has reiterated his opinion (Ind. Ant. 1903, Vol. XXXII., pp. 214-15), 
and fortifies his argument by pointing out that fifty years earlier the names of all the sixty saihvatsaras 
(if the Jovian cycle were fully recited by Varahamihira (viii., vv. 28-32), who died in A.D. 587. Tlie 
use of the cycle was well established by A.D. 550. If, however, we set aside this record, then the 
earliest known mention of a year of the cycle occurs in the Alas plates of the Rashtrakuta king 
GSvindaraja II., where the sariivatsara “ Saumya " is given, with details falling in A.D. jyoJ 

^ Kielhom*s Northern List, No. 3. Fleet, Oupln Inscrs., No. 18, p. 70. 

“ Epig. Ind. Vol. X., p. 51. Kielhom’s Li«t of Inscriptions of Northern India, p. 55, No. 391. 

Kielhom *8 Southern List, p. 2, No. 3* As 1 have explicitly stated in the text the dates here given are the earliest 
mentioned in the inacriptims known to Prof. Kielhom. Dr. Fleet (J. M. A. S. for 1910, p. 819) has called attention to the 8aka 
date 427 (A.D. 505) given in Var&hamihira*s Pahchaaiddh&ntikH as the earliest known ceiiAin date up to the time of his article. 
But Mr. R. Narasimhachar has brought to notice a Sanskrit work entitled LokambhAga which bears date Saka 380 (expired), 
es A.D. 458r-59, and in the twenty-second year of Sithhavarman, king of Ka5chT. (See his Annual Report, Mysore, for 
190S-9, ft 35, 112.) 

^ Kielhom *s Northern List, No. 14, p. 4. Epig. Ind., IV., 310. 

® Fleet, ind. Ant, VIII. 237 ff. J. R. A. 8 ., 1911, p. 689 ; Kielhom, Epif, Ind. VI. I ff. 

^ Jour. R. Asiat. Soc., July 1911, p. 689. 

^ Kielhom’s Southern List, No. 56, p. 10. Epig. Ind., VI., 209 

3 A 



4 


INDIAN CHRONOGRAPHY. 


13. The earliest inscription-date known to Professor Kielhom which was certainly given in 
amenta lunar-month reckoning, and which belongs to a genuine inscription of India Proper, bears 
date corresponding to 4th May, A.D. 794. It is contained in the Pai^an plates of the RSsh^kGto 
king Govinda III, {Efig, Ind., III., 105 ; Ind. Ant. XVII., p. 142, No. 9.) 

13A. From Kielhom’s " Lists ” for Southern India I find that in all the early Chalukya and 
Rashtrakuta inscriptions dates are stated in lunar reckoning with luni-solar years ; solar months and 
days not being mentioned. This practice seems to have been general in earlier times 
Reckoning in the south. The recording of the occurrence of samkrGntis begins apparently in 

adopted in about the ninth century, becoming common only after the close of the eleventh 

different tracts, century A.D. The earliest mention of the solar saihkranti in an undoubtedly genuine 

inscription of the Western Gangas is met with in A.D. 975. The Kalachuri records 

mention samkrSntis from about A.D. 1150, but continue afterwards, as before, to name no solar month. 
The Silahara records follow the same practice, the first of their inscriptions that mentions a solar 
samkrlLnti being one of A.D. 997. Samkrantis are alluded to very sparingly in inscriptions of the 
Yadavas of Devagiri, and only after A.D. 1200. The Hoysalas of the MaisQr country took notice, after 
about A.D. 1050, of the lagnas of the solar signs ; but from the middle of the thirteenth century the 
solar months are regularly named after the Tamil fashion, and in several inscriptions after that date 
they use the Tamil names for the solar months. Even the Vijayanagar kings, whose accession to 
power began in the fourteenth century, appear to avoid all mention of solar months except in their 
inscriptions in the Tamil country’. The Eastern ChSlukyas of the Telugu tracts mention solar signs 
and months after about A.D. 950, but as additions to the principal part of the date, which was given 
in lunar reckoning. No mention of samkrSntis or solar months occur in inscriptions of the ancient 
Palla\'as, Kadambas, and BGnas. For the last ten centuries or so, however, the Tamils proper have 
stated their dates in their own fashion, which includes full solar as well as lunar reckoning. They 
generally state first the week-day and current nakshatra, then the number and fortnight of the tithi 
current at or very shortly after sunrise, coupling this tithi not w’ith its lunar month name but with the 
name of the current solar month. Occasionally the serial day of the solar month is recorded. West- 
Coast inscriptions arc often dated in the fasliion of the Tamils, but in that country they seem to 
have paid closer attention to the position of Jupiter than the Tamilians did. In North-Western India 
the usual reckoning was luni-solar, and in North-Eastern India solar. 

The only samkrantis which appear to ha\’E been much considered from the tenth to the thirteenth 
centuries were the solstitial ones, the Uttarayana and DakshinGyana saihkrantis, of which the former 
was by far the most important. Afterw'ards the equinoctial samkrantis, Mesha and Tula, were taken 
into account ; and later on we find occasional mention of the other samkrantis. ^ 

The use of names for week-days is also a matter to be noticed when dealing with early inscriptions. 
The earliest instance, in Kielhom ’s Lists, of the use of the week-day is found in A.D. 484 {Northern List, 
No. 454) ; the next occurs in A.D. 664 {Southern List, No. 550) ; the next in A.D. 692 {ihid. No. 29). The 
use of it became general only after about A.D. 900. The first is a Gupta inscription from the Sagar 
District of the Central Provinces ; the second belongs to the Nellore District, Madras Presidency ; and 
the third to the neighbourhood of Banawisi in North Kanara. The citation of the week-day in a date 
professedly earlier than about A.D. 400 at once raises a suspicion as to the genuineness of the record. 

These notes may help workers to judge of the authenticity of some documents or records which 
claim to be of great age. 
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EXPLANATIONS AND DEFINITIONS. 

14. The Hindus assumed that the earth was the centre of the visible universe and was itself 
stationary, the sun revolving round it like a superior i>hnet. They divided tlie great circle of the sun’s 
path into twelve zodiacal signs, each of 30° of arc, the first of which u'as called Meslia ; but prior to this 
by many centuries they had divided the same circle into 27, or sometimes 28, nakshatras or lunar 
asterisms, observing the moon’s path in the heavens and allowing roughly an asterism to each day 
of her average journey round the earth in the course of a sidereal month. The first point of the first 
sign Mesha is the point from which all celestial longitudes are measured, its employment corresponding 
in this respect to the first point of Aries in European astronomy, though it is not at all in 
the same ix)sition. This fii'st i)oint of Mesha corresi^nds to the point at the end of the nakshatra 
Revatl and the beginning of the nakshatra ASvinf. {Sec bcloxv under ** Nakshatras^) It is considered 
to be an immovable sidereal point, acc<;rding to some authorities coincident with tlie principal star 
of the nakshatra Revatl, but according to the Surya^Siddhdnta lying 10' to the east of that star. 
The star has been identified with ^ Piscium, a star lying almost on the ecliptic, which was found to be a 
convenient point from which to take measurements. It will be observed that, since the first point of 
Mesha is fixed and immovable, the Hindus have not as a rule paid attention to the precession 
of the equinoxes. The Hindu solar year is therefore always considered as sidereal unless special mention 
is made of its being treated as tropical. The first point of Mesha is considered by the Siirya Siddhdnta 
to have coincided with the vernal equinox in A.D. 499, by almost all the other autlmrities in 
A.D. 522, but by the Siddhdnta Sirdmani in A.D. 527. In the year of coincidence the sidereal 
signs were exactly the same as the tropical signs, or the signs whose initial points are calculated with 
reference to the precession of the equinoxes.^ 

The sun, passing in its annual course completely round from and to the sidereal First Point of 
Mesha, enters and leaves in turn each of the twelve signs. This complete revolution is of course due to 
the sidereal revolution of the earth about the sun, and its length in time constitutes the length of the 
solar sidereal year. {The tropical year is separately considered below under the head of ** Tropical 
Satnkrdntis'') The solar sidereal year is the ordinary solar year of the Hindfis. It is divided into 
twelve months, the length of each of which, its time measurement being calculated by the time occuined 
by the sun in passing completely through one sign or 30® of arc, differs from the others in consequence 
of the earth’s orbit being an ellipse. The moment of the sun’s entering each of the signs in tuin marks 
the astronomical beginning of a true or apparent solar month, and this coming together ” of the 
sun and the sign is called a “ samkranti.” Since it is evident that the sun’s entry into each sign in 
fsuccession may be calculated by his mean longitude at the moment of such entry as well as by his true 
longitude, we have sometimes to calculate the moments of occurrence of mean saihkrantis as well as 
of true or apparent ones. But throughout this volume, unless clearly designated and distinguished 
as “ mean,” the word ” samkranti ” means a true or api^arent sidereal samkranti, i.e., the junction 
of the sun in its course with the first point of each sign as calculated by the sun’s (earth’s) true motion 
and without reference to the precession of the equinoxes. When the precession of the equinoxes is 
taken info account the samkranti is called a ” tropical samkranti.” Tlie true sidereal day is the time 
occupied by a meridian on the earth’s surface in completing one revolution about the earth’s axis. A 
solar sidereal month is a month of thirty sidereal days. But neither of these is used in the Hindu 

’ For an excellent notice of the nakshatras reference may bo made to Whitney's Oricnkil and LinguMo Studies, a.v., 
** The Lunar Zodiac.*’ Also to many passages in his notes to E. Burgess’s translation of the Surya SiddMnta, especially 
U 27-34, PL 14. 
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Calendar, the day universally recognised being the civil, or sdvam, day, the natural day measured 
from sunrise to sunrise. The length of this perpetually varies ; and since the sun may enter a sign, or 
in other words since the astronomical beginning of a month may take place, at any moment of the day 
or night, rules were laid down, which differed in different localities, as to the civil beginnings of the 
month, the principle in genera] being that it began at that sunrise ^^•hich is nearest to the samkranti or 
astronomical beginning of the month. (See § 43 beloi&.) Purely solar reckoning has rarely been 
adopted except in Bengal, and, partiall}^ in the Tamil and Malayalam tracts of Southern India. 

15. In the rest of India, the calendar is based on luni-solar reckoning, the lunar months being 
Gttcd to the natural course of the seasons by the system of intercalation and suppression ; in other 
terms a luni-solar reckoning was established— and that from a remote period. It is not necessary here to 
enter into a dissertation regarding the ^'arying practices adopted, and it need only be mentioned that 
the general practice now makes the luni-solar year begin at sunrise of the day that immediately 
follows the moment of that new-moon which takes place next after the moment of the astronomical 
beginning of the last month of the sidereal solar year, le., after the moment of Mina samkranti in each 
year. This necessitates constant calculations. Since there are 365 or 366 days in the twelve solar months 
and only 334 days in the twelve lunar months, the luni-solar year is fitted to the sidereal solar year by a 
series of clear but rather complicated rules. These are fully explained in their place. The result is that 
the luni-solar year contains sometimes twelve and sometimes thirteen lunar months ; and that it 
comprises a varying number of civil days, viz,, either 354, 355, 383, 384 or 385 such days. In some tracts 
at the present time, and in more ancient days generally, the luni-solar year begins, not with the new- 
moon succeeding the Mina samkranti, but u itli the moon succeeding one of the other solar sarhkrantis ; 
or indeed with some tithi (^ee para, 18) not the first of the lunar month. For such variations it suffices 
to refer readers to § 52, pj). 31, 32, of the Indian Calendar, 

15A. . 1 have been urged to abandon altogether the term “ ]uni-solai‘ year and substitute 
“ lunar," on the ground that while there is a luni-solar cycle there is no such thing as a really luni-solar 
year. I shall not contest the point, or attempt to justify my use of the 
The term “ luni-solar,'' term except from one standpoint. This volume is a continuation of the 

Indian Calendar, and in that volume we used the expression “ solar year " 
to mean the duration of the twelve sidereal solar months ; “ lunar year " to mean the 

duration of twelve lunar months, each being one synodical revolution of the moon ; and 
" luni-solar year " to mean the lunar year as adapted to the solar year and beginning, in the amanta 
system, with the new-moon succeeding the solar Mina samkranti of each year. Such a year, containing 
as it does sometimes twelve, sometimes thirteen lunar months, having been called the " luni-solar year " 
in the Indian Calendar, it u'ould tend to create confusion if I were now to make a change and give it 
another name. Even if scientifically inaccurate the name must stand in respect of the present^ 
pubheation. 

16. The sun's apparent (or true) and mean longitudes are measured, as stated above, from the 
sidereal fixed First Point of Mesha. His apparent longitude is his real angular distance at any moment 
from that point, measured in the direction of his course. His mean longitude is this angular distance 
as it would be supposing he moved with a mean or average rate of motion, or with a velocity that never 
varied. At the moment when the apparent sun reaches longitude 0 ®, i,e„ at the moment of apparent 
Mesha samkranti, the mean sun is some distance away. The true sun has travelled quicker than the 
mean sun, and the mean sun does not reach longitude 0® till after a period variously calculated by the 
various Hindi! authorities, but always consisting of something over two days. This period we have 
called the **Sodhya" interval. (See § 39^4 below, &c,) An apparent mVrtVflnfl, or sidereal, saihkr 5 nti 
takes place when, measured by his ap^iarent motion, the sun touches the first point of each fixed sidereal 
sign (rdii ) ; a mean nivayana or sidereal sanikrSnti takes place when the sun, measured by his mean 
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motion, touches the first point of each fixed sidereal sign ; a tropical (sayawf) saihkrSnti takes place when 
the sun touches the first point of any one of the tropical signs, which signs are, like the others, at intervals 
of exactly 30® from one another, but the first point of the first of which exactly coincides with the vernal 
equinox as calculated for the year. That is to say, in this last case the sun's longitude is calculated 
not from the sidereal fixed point, but from the vernal equinoctial point, the precession of the 
equinoxes being taken into account. 

17. Though it is highly improbable that any Hindu panchaiig, or almanack for the year, was ever 
based on the tropical samkrSntis, it is possible that these were sometimes taken into account and were 
ascertained and stated as amongst the year's phenomena. Therefore, for computation of Hindi! dates 
we have to calatlate generally the moment of occurrence of apparent samkrSntis ; sometimes, especially 
in earlier years, the mean samkrinti ; and occasionally the tropical samkranti. It is possible that the 
last might be calculated either by the sun’s apparent or mean motion, but I think it unlikely that the 
Hindus would have used mean motion for calculating a tropical samkranti, and such a process will not, 
therefore, be considered in this volume. 

18. A purel}' lunar year, such as that of the Muhammadans, takes no account of the sun’s place 
in the heavens, but, as explained above, the HindQ luni-solar year does so, each such year beginning 
with the new-moon next follo\ving the time of one of the solai* samkr 5 ntis. The difference between the 
lengths of the lunar year and the solar year necessitates the intercalation of a lunar month roughly 
every three years and the suppression of one at intervals ranging from nineteen years upwards.^ 
This subject is fully considered in its place. Each lunation, or lunar month — new-moon to new-moon 
(the amSnta system) or full-moon to full-moon (the pflrnimanta system) — is divided into two pakshas 
or fortnights, and thirty tithis, fifteen to each fortnight, a tithi being the time occupied by the moon 
in travelling 12° from the sun. (§ 7, p. 3, Ind. Cal.) The tithi therefore may begin at any moment, 
day or night, of a solar day ; but as a general rule a civil day is coupled in Hindu calendars mth the 
name of the tithi current at sunrise. Our Tables are prepared so as to establish this concurrence for 
mean, and not true, sunrise, since the latter varies with the latitude and longitude of each place. To 
prove a date we have to ascertain the tithi current at sunrise of a certain civil day, or at any given 
moment of such a day, in any year ; that is to say, we have to establish the position of the moon at 
that moment. 

19. It is practically more convenient, especially for the examination of records bearing date 
within the last few centuries, to work by the amSnta system and by true, not mean, tithis, and the 
Indian Calendar Tables are founded on tliis principle. According to it a lunar month begins at the moment 
of new-moon, or at the moment when the longitudes of the true sun and the true moon are equal. The 
first tithi ends and the second begins when the moon has increased her distance from the sun by exactly 
^2®, and so with the rest. Hence to find the mean time of beginning and ending of any given tithi we 
have to find first the mean longitudinal distance of the moon from the sun, and then to correct this to its 
true longitudinal distance by applying to it the equation of the centre for the moon and for the sun. 

19A. This may be accomplished in several ways, but the way we adopted in the Indian Calendar 
was to work by what we may call the “ a, b, c system,” following Professor Jacobi in his Tables in the 
Indian Antiquary, Vol. XVII. (q.v., especially for present purposes, Part II., pp. I47"48T‘ This system 
must now be explained. As- before stated, Irath the sun and moon are in Hindi! astronomy considered 
to be planets. Now a planet’s true angular distance from the perihelion, or in the case of the moon from 
the perigee, point of its orbit is called its “ true anomaly.” Its “ mean anomaly ” is what that angular 
distance would have been if the planet had moved with mean or unvarying velocity. The difference 
between the true and mean anomalies, or the quantity necessary to make the mean equal to the true 
anomaly, is called the equation of the centre. (See Ind. Cal,, § X07, p. 60.) Therefore, to find the 

' Ind, Cal., i 60A 
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true angular distance of the moon from the sun at any moment, or the distance which proves what 
true tithi was current at that moment, we have to find, first, the angular distance of the moon from the 
sun in mean longitude (this is the ** a of our Tables), then the moon*s mean anomaly (our h ”), and 
the sun’s mean anomaly (our c ”), and then to apply to the a so found the equations of the centre 
of the moon and the sun, viz,, our equation b ” and equation cJ' We then have the true angulai* 
distance of the moon from the sun, namely our /, or tithi-index, and can decide correctly by the help 
of Table VIII. {Ind. Cal.) which tithi was current at the given moment. 

20. The following is the method adopted for stating the quantities expressed by a, 6, c, 

respectively : a is stated in io,oooths of a circle, so that the unit when measured in time varies 
constantly with the length of the lunation, the average time for each unit being about 4,25 minutes. 
b and c are stated in loooths of the circle. Now, in the case of both the moon and the sun the equations 
of the centre are necessarily sometimes minus and sometimes plus. Thus, when the moon is on her 
perigee point the mean anomaly is 0. She is then moving rapidly, and during the period covered by 
her in travelling to a distance of 90® from the perigee point the difference between her mean and true 
longitudes constantly increases, the true gaining on the mean ; or in other words, equation 6, applied 
to bring the mean up to the true, is a quantity plus^ which becomes constantly larger. From 90® to 180® 
equation b decreases, till at the apogee point it is again 0, the mean and ^true anomalies being then at 
one. From 180® to 270® the mean gains on the true, the moon’s true motion being slow, so that equation b 
is here a constantly increasing minua quantity. From 270® back to perigee ix)int the equation is still 
minus, but in ever lessening degree, till at perigee it is again 0. And the same with the sun. The greatest 
possible equation b (moon) is, in terms of 140.2, .sometimes minus and sometimes plus ; and the 
greatest possible equation c (stm) is 60.4. In order that these equations may be always additive when 
applied to a, the sum of 140.2 is, in our Tables VI., added invariably to equation 6, and 60.4 to 
equation c ; the total 200.6 being in compensation deducted from every value of a. Thus in Table VI. 
w’hen the true ^•a]ue of equation J is 0 we have tabulated 140 ; w’hen its true value is 140.3 we have 
tabulated 280, and so on ; and similarly with equation c. Thus, opposite argument 0 is tabulated 60, 
for 60,4, instead of 0; and opposite argument 750 is tabulated 121 for 120.8 instead of 60.4. Every 
calculation is then additive. When, therefore, we have, working by the mean system, found the value 
of a in the work of testing the date of an inscription we must add 200.6, or 201, to a in order to arrive 
at the real mean longitudinal difference between the moon and the sun. The value of a when wc 
calculate by mean months and the value of t when we calculate by true months, or the titlii-index 
resulting from such calculation in either case, is converted into tithis and decimals by use of Table VIII.B, 
cols. 1, 2, or by multiplying a or ^ by 3 and marking off three places of decimals ; and is converted with 
fair accuracy into degrees and minutes by col. 3 of that Table, But employment of this last process 
is not recommended as, if degrees and minutes are wanted, it would be safer to make the calculation 
by Professor Jacobi’s “ Special Tables.” (Epig. Ind., Vol. /.) * 

21. That one point may be thoroughly understood I think it well to repeat what has already 
been stated. The addition of 200.6 or 201 has only to be added to the resulting a in calculations for 
mean intercalations or suppressions of lunar months, or for mean lunar months and tithis, and not to 
the resulting If in calculations for true intercalations and suppressions, or for true lunar months 
and tithis ; since in the latter case the addition of equations b and c to the value of a cancels the 
arrangement, made for convenience, whereby the maximum value of tho.se equations was deducted 
from a and added to their values in the Tables. 

a and / being .stated in zo,oooths of a circle, a result which shows that a + 201 (in calculations 
by mean longitude) or i (in calculations by true longitude) (say) 1 or 9823, means that the moon’s 
distance from the sun is, in terms of a or /, 0.0001 or 0.9833. {See Ind. Cal., §§ 102, 107, 1084 
PP* 56# 60, 61.) 



SOLA R RECKONING-SA MKRAN TIS. 


9 


22. Another point requiring notice concerns the time-duration of the tithi. Having found 
by the above process the value of i or the tithi-index for the given moment, we may require to ascertain 
the times of the beginning and ending of the tithi in question. Its beginning and ending values are given 
in Table VIII., col. 3, and by subtracting the found value of i from the ending value of the tithi we find 
how many lunation-parts intervened between the time for which we have, worked and the ending-point 
of the tithi. We convert these intervening lunation-pUrts into mean time by the use of Table X. 
(heading " Tithi-index ”). And we similarly find the mean time of the beginning of the tithi by subtracting 
the value given in Table VIII., col. 3, for the beginning from the found value of /, and converting the 
difference into mean time as above. Say that we find that at sunrise on a certain civil day I = 2362. 
By Table VIII., col. 3, we find that the 8th tithi Sukla, or the 8th tithi of the first fortnight, was current. 
It began (2362 — 2333 =) 29 lunation-parts = (Table X.) 2 h. 3 ni. (mean time) before sunrise. It 
ended (2667 — 2362 =) 303 lunation-parts — (Table X.) 21 li. 16 ni. -f- 2i m. — 21 h. 37 m. (mean 
time) after sunrise. 

23. But Table X. shows only the values of the mean tithi, under both the headings " Tithi- 
parts ” and “ Tithi-index " ; and as every true tithi varies in time-length because of the varj'ing velocity 
of the true moon in its orbit, it is incumbent on us, if we desire absolute accuracy, to work the case to 
a conclusion as explained in the Indian Calendar ( § 82, p, 50, and pp, 81, 82.) Having done this 
we get the final and correct beginning and ending times of the true tithi. 

24. In the examples given below, the figures given under head d (generally given in brackets, 
as in Table I., cols. 13, 19 of the Indian Calendar) refer to Table IX. of that work, from wiiich the 
European month and day of the month are obtained. In the numbers given for (w) days of the week, 
0 is Saturday, i Sunday, &c. 

25. In adding together the necessary figures for a or I all values over 10,000 aic taken less 10,000, 
and in figures for b and c all values over 1000 are taken less 1000 ; since the figures represent longitude 
measured by io,oooths and loooths of a circle, and when a full circle has been described and the ]x)int 0 
is reached a new circle of course commences. 

26. In actual work we often find that our result differs by one unit in a or 6 or c from the 
expected result, and it is well to remember that this difference is inherent in the system. Each unit in a, 
for instance, represents a time-interval of about 4.25 m., and w'e advance by whole units ; but such 
advance, with decimals or fractions ignored, often causes a difference in the ultimate figure. An example 
of this can be gathered from Table IV. If 1 desire to state the a for 395 days 1 can either do it by 
adding the a of 385 days to the a of 10 days, or by adding the a of 300 days to the a of 95 days. In 
the former case the result is (373 + 3386 =) 3759 ; in the latter it is (1590 + 2170 =) 3760. Sec 
also the case stated under " Correction III.” below (para. 57). Here we have two figures stated 
^ith decimals which have to be added together. One is 200.6 and another is 7.83. Stated separately 
these would bo stated in whole figures as 201 and 8. Total, as so stated, 209. But added with the 
decimals the total is 208.43, which, stated as a whole figure, would be 208. Such differences are practi- 
cally unavoidable in every working system. 


SOLAR RECKONING. 

Samkrdnlis, 

27. The twelve sidereal saihkrantis occur at the beginning-points of the twelve signs of the 
zodiac, separated from one another by 30® of celestial longitude. ITie first, called the Mesha samkranti. 
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occurs wlicn, in his path on the ecliptic, the sun’s centre is at longitude 0", or precisely on the sidereal 
fixed starting point — the first point of the first sign MSsha ; the second takes place after the sun has 
travelled 30®, and so on for the twelve. Their names will be found in col. 5«, Table III., of the Indian 
Calendar ; the duration of each sign and its correspondence with the nakshatras (bellow, § 112, etc.) are 
given in Table XXII.* The time required for the sun to pass completely from one samkrSnti to another, 
or the time during which it remains in one sign, constitutes a saura mSsa or solar month. Each 
samkranti bears the name of the sign whose beginning it marks. The MSsha samkranti is the beginning 
point of the solar month Mesha, and so for all.® 

28. Since the sun travels the uniform distance between samkrantis at varying speed throughout 
the year, the length of every month, when considered in the light of the sun’s true or apparent motion, 
differs from every other. Both the Ar^>a and Siirya Siddhdnias fix the mean length of a solar month, 
i.c., the month’s length as it would be if the sun moved with a velocity that never varied, at 
30 d. 10 h. 31 m., the former adding 2^ s. and the latter 3.05 s. ITie lengths of the true months by 
each are given in Tables XVIII.A and XVIII. B below. The definition of apparent, mean, and tropical 
samkrantis has been given above. Whenever mention is made of a " samkranti ” in the present treatise 
or in the Indian Calendar a true sidereal, or nirayana, samkrSnti is meant, unless the name is specially 
otherwise qualified. 

29. A samkranti therefore marks, whatever calculation may be adopted, the astronomical 
loginning jwint in time of a solar month. This may take place at any moment of a day. The civil 
beginnings according to local practice are considered below. (" Days of a Civil Month," § 43.) These civil 
days begin at sunrise, and sunrise is generally taken (always in our Tables) as mean sunrise ; but since 
it is probable that the beginning of the day was always true sunrise, the difference between the two 
must often be taken into account. This difference depends on the longitude and latitude of the place, 
not necessarily of the actual place of the inscription, but, as is now well understood, probably the 
longitude and latitude of the principal centre of life in the neighbourhood, where the almanacks were 
constructed. It dei>ends also on the equation of time. (See §§ 34-36, fp. 17-20, Ind. Cal). The 
most accurate and complete treatise on this subject is by Professor Jacobi in the Epigraphia Indica 
(Vol II., pp. 487-498.) A Table lor applying the equation of time, for converting, that is, mean 
to apparent time from A.D. 200, is given in Table F. of my Eclipses of the Moon, while Table G. of the 
same work gives the apparent time of the sun’s rising and setting for various latitudes. 

30. The time of occurrence of a samkranti, and hence the civil beginning of a solar month, is found 
by adding the collective duration of the months preceding it (Tables XVIII., XIX., below) to the time 
of occurrence of the Mesha saihkrwti of the year (Table I.). By the true system the duration of time 
months must be added to the moment of true MSsha samkranti. By the mean system the duration of 
mean months must be added to the moment of mean MSsha samkranti. (Below, “ Correction III," § 57.) 

The moment of true Mesha samkranti in all years from A.D. 300 to 1900 is given in Table I, of 
the Indian Calendar, according to the Arya Siddhdnta throughout and according to the Siirya Siddhinta 
after A.D. 1100 ; also, for the Arya Sidihanta, from 58 B.C. to A.D. 299, in Table XXXVIII.A, below. 
Rules for finding the same by the Original Siirya Siddhdnta will be found in § 162 below, and by 
the Brahma Siddhdnta and Siddhdnta Sirdmani in § 167A. (See also §§ 47 to 54.) 

31. The Vishuva sarhkrantis are the two equinoctial ones, MSsha and Tula. The solstitial 
samkrantis are the Uttarayana (winter-solstice) and Dakshinayana (summer-solstice) samkrantis. 

The Mithuna, Kanya, Dhanus and Mina samkrantis are sometimes called the Shac^itimukha 
sathkrantis. (Ind. Ant. XXV., 346, No. 4.) 

’ See alim |{ 28, 26, pp. 9, 11, Indian Calendar. 

* For the other namee of the aolar monthi, ancient and modem, tee Indian Calendar, p. H), and Table II., Part II., 
cola. 8 to 18. 



SOLAR RECKONING— TRUE, MEAN, AND TROPICAL SAMKRANTIS. h 

Calculation by Mean Motion, 

• 32. In ancient days astronomers . and astrologers seem to Imve generally, if not invariably, 

calculated by the mean motions of the sun and moon, partly no doubt because such calculation was 
easier than the other ; but we have as yet no means of knowing for certain to how late a date or in what 
parts of India mean calculations continued to be made in spite of the practice, growing in favour from 
the beginning of the tenth century A,D. {Kielhorn : Note i, p, 813, Journal of the R, Asiatic Soc, for 
i8q6), advocated by Sripati (A.D, 1040) and established all over India not long after his date, of 
measuring by the true motions. (Ind. Cal., p, 28). Nor do we know for how long previous to the tenth 
century, if at all, the true system had been adopted in some places. We have therefore to be careful 
in examining the dates of inscriptions from about A.D. 850 to 1150, and not to reject at once as irregular 
a date which at first appears to be so. It should be tested by both systems before rejection. 

For this reason 1 have prepared Tables XVIII.A, XVIII.B, XVIII.C, and XIX.A, XIX.B 
in order to facilitate the conversion of results found by the true system into results according to the 
mean system and vice versa ; and also to enable results found by use of the Arya Siddhdnta to be turned 
into the same by the Suiya Siddhdnta and the contrary. Their use is explained below. 


Tropical Sainkrdniis. 

33. As abo^*e explained the tropical or sayanu, “ with movement,” Mesha samkranti takes 
place at the moment when, the precession of the equinoxes being taken into account, the sun's centre in 
his path on the ecliptic cuts the equator at the vernal equinox. According to some Hindu authorities 
the point of the vernal equinox shifts annually from its place in the previous year, always in one direction, 
till it has reached a point 27® from the sidereal First Point of Mesha, after which it shifts backwards 
and proceeds to a point 27" on the other side of the fixed sidereal point, when it again reverts. On this 
theory of libration the First Point of Mesha is always the mean place of the equinoctial point, though 
separated by an immense number of years from the furthest equinoctial point. The longitude of the 
sun at eveiy tropical samkranti is measured from the equinoctial point. Each tropical samkranti occurs 
when the sun has travelled 30® from the last, and there are twelve sarhkrantis in the tropical 3'ear. We 
have to be prepared for an inscription-date having been calculated by tropical saihkrantis, though I 
imagine such a case to be very rare. What is moie probable is that occasionally, a clever almanack- 
maker having discovered that a date happened to coincide with the occurrence of a tropical samkranti, 
the fact was mentioned in the Panching, and embodied in a recorded date ; but it is extremely unlikely 
that such calculations could ever have been regularly used as a basis on which to build up the details 
•ntered in an ordinary almanack. Such a mode of calculation would necessitate an annual revision by 
some central authority of the time-lengths or duration of the different solar months ; since it stands to 
reason that the time taken by the sun to travel, for instance, the 30*^ from the fixed initial Mgsha 
samkrtoti-point to the next, Vrishabha, sarhkranti-point is not the same as the time taken by him to 
travel 30° from the equinoctial point, except in the one case of those two initial points being exactly 
in coincidence ; and as the equinoctial point shifts annually in its relation to the sidereal starting point, 
so the lengths of the several solar months would have to be annually altered if Hindu almanacks were 
to be regularly prepared in accordance with a tropical system. There can be no doubt that in India 
almanacks were prepared according to the standard system laid down by one or other of the ruling 
authorities, namely, in one or other of the Siddhdntas ; and in these the precession of the equinoxes 
was only considered incidentally. ^ 

^ The HindQ year is bolievod to have been sidereal for at least 2000 years. (8h. B. J), in Indian Calendar, 1 17, pp. 6, 7 
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J4. Xe\'crtlicless, since tropical saiiikiaiitis may occasionally be met with in inscriptions, we 
have to lay down rules for calculating them. And the first question to be decided is in what year the 
sidereal and tropical Mesha samkranti-points coincided. According to the Present Surya Siddhdnta 
they were together in Saka 422 current, K.Y. 3601 current, or A.D. 499, the rate at which the equinoctial 
l)oint shifts annually being 54^. By almost all the other authorities the coincidence took place in Saka 445 
cun'ent, K.Y. 3624 current, or A.D. 522, the rate of annual precession being one minute (1'). The 
Siddhdnta Sirdmani places the coincidence in Saka 450 current, K.Y, 3629 current, or A.D. 527, also with 
precession at i'.^ The translatoi’s and annotators of the Surya Siddhdnta more than once assert {Burgess's 
S uiy a Siddhdnta, p. 14, (S'c.) that byits prcccssion-ratc the coincidcncemust have been in about A.D. 570; but 
with reference to viii., 9, after a careful calculation and examination connected with the position of 
the junction-stars of the nakshatras, resulting in proof of an average error of longitude, they write (op. 
cil. p. 211), that this "would indicate that the Hindu measurements of position were made from a venial 
equinox situated about 1° to the eastward of that of A.D. 560, and so at a time seventy years previous 
to the date we have assmned for them, or about A.D. 490.” And if for “ 560 " we read “ 570 we should 
arrii e at the year A.D. 500. I assume therefore the correctness of the Indian Calendar in this respect. 

On this matter Dr. Fleet gi\'cs me the following remarks. It is only by backward calculation 
that such-and-such years are fixed as the times when, according to different authorities, the degrees of 
precession were nil : there is no record coming down from those times themselves. AlberunI suggests 
(irans, Sachau, i, 366) that the Hindus became aware of precession, or at any rate began to pay attention 
to it, only about A.D. 989. And this is practically borne out by the facts, as far as we can trace them. 
Aryabhata (uiio wrote in, or soon after, A.D. 499) and his exponent Lalla do not mention precession 
at all. Varahamihira (died A.D. 587) mentions an effect of it ; namely, a shifting of the solstitial points 
from ancient positions assigned to them by the Jyoiisha-Vcdariga to the positions which they had in his 
own time : but he does not disclose any knowledge of the cause of the shifting. Brahmagupta (wrote 
A.D. 628) mentions precession in a somewhat vague manner, but only does so to deny it. And as far 
as our knowledge goes at present, it was first taught by Muftjala, who wrote in A.D. 932. 

35, Whichever authority is selected, the difference in years between its year of coincidence, 
or base year, and the given year, multiplied by the annual amount of precession, will show the longitudinal 
distance in degrees by uhich in the gix’en year the tropical, or sayana samkranti i)recedes or follows 
the sidereal, or nirayana samkranti. The former precedes the latter in all years later than the selected 
basc-j ear of coincidence, and follows it in all earlier years. In >'ears earlier than about A.D. 1100 it will be 
well to take K.Y. 3623, A.D. 522-23, or the year of coincidence according to the Arya Siddhdnta, as the base- 
year, with an unit of precession of i' ; but after about A.D. itoo calculation may be made by both the 
base-years K.Y. 3600, A.D. 499-500, and K.Y. 3623, A.D. 522-23, since both the Arya and Surya Siddhdntas 
ha^•e been in constant use ever since as authorities in different parts of India ; the former especially in 
the Tamil and Malayalam countries of South India where the solar reckoning is largely followed. 

36. The rules for finding the moment of a tropical samkranti are given on pp. 152-53 of the 
Indian Calendar, Additions and Corrections.’* But to save trouble of reference they are here repeated 

with fuller explanation. First find the time of the nirayana true Mesha 
Rule for finding samkranti by the authority used. [See Table /., cols. 14 to ly and 14a to lya, 
moment of a Ind. Cal., and Examples 3, 4 below.) Add the collective duration given in 

tropical samkranti. Table XVIII.A or XVIII.B, cols. 3, 4, by the same authority from this nirayana 

Mesha samkranti to the true nirayana samkranti in question. The total gives 
the time of the required nirayana samkranti. For a rough guide, the sayana samkranti took place as 

^ I accept in the matter of thef»c dates the coiiHidcred at^Hcrtion of Pandit Shankar Balkritihna Dikshit, referring those 
intcrcated to the diBcusBion of the Bubjcct by Prof. Whitney, " The Lunar Zodiac,” in Oriental and Linguieiic Studies (1874). 
tVhitncy inclincB, bo far as the Surya Siddh&nia is concerned, to the year A.D. 490 (p. 370), though with doubt. 
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many ghatikis ‘ before or after the nirayana one as there are years between (for Arya Siddh&nta calcula- 
tion) K.Y. 3624 cuiTent, or (for Surya Siddkdnta calculation) between K.Y. 3601 current and the year 
next following or next preceding the given year. This rough calculation involves an error which, 
beginning at the base-year, increases yearly to as much as one day by about the year A.D. 1900. It 
amounts to about i m. 1.7 s. per annum, or about one hour every 58 J years, and it is partly caused by 
the fact that the estimate of the sun's motion as i ghatika in 1' of longitude is only an approximation. 

37. For more accurate purposes the following is the process. Having found the number of years 
intervening between (Arya) K.Y. 3624 current, or (SUrya) K.Y. 3601 current, and the given year, 
multiply that number by, in the case of the Arya A, or, in the case of the Surya, by rJir. Take the 
product as the amount of precession in degrees accumulated by the beginning of the given year since, 
or prior to, the coincidence which has been assumed to have occurred in the base-year. These degrees 
ot precession are called ayanamSas. The product gives the longitudinal distance of each equinoctial 
samkrSnti point from the corresponding sidereal (nirayana) sarhkranti point. With this knowledge 
we proceed to find the difference in time between the sun’s arrival at those two points, or the interval 
between them in days. Those days, in years succeeding the base-year of coincidence, belong sidereally 
to the month preceding the samkranti with winch we are concerned ; though in years prior to the 
base-year, they belong sidereally to the same month. Thus, if we are working for a tropical Kanya 
samkrUnti, the interval of days between tropical Kanya and sidereal Kanya belong to sidereal Simha 
in years following the base-year ; but in years prior to the base-year they belong to sidereal Kanya. We 
know the lengths of those apparent months by Table XVTIT.A or XVIII.B, according to the SiddhSnta by 
which we are calculating ; and we have only to multiply the time occupied by the sun in travelling 1“ 
during such a month by the amount of the intervening ayanSmSas to obtain in days the required difEerenc.e 
in time between the sun’s arrival at the sidereal or tropical samkr5nti-point concerned. The nile 
therefore is : Multiply the exact length of that month by the amount of ayanaiii^as found, and, dividing 
by 30, take the product as days ; and by so many days, hours and minutes will the sayana samkranti 
precede or follow the moment of the nirayana .samkranti according as the given year is after or before 
the base-j'ear. 

38. A little further explanation is still necessary. In finding the ayanimSas for the given year by 
the Arya SiddhSnta the number of intervening years is divided by because the numerator i repre- 
sents 1°, and ^ -== i', which is the amount of annual precession assumed for that authority. In the case 
of the Siirya SiddMnta the fraction represents J'j, = ^ ~ 54", which is its amount of precession 
per annum. The error inherent in this more accurate method of calculation is estimated by 
Sh. B. Dikshit as amounting to only about i hour in every 240 years. 

I 39. To simplify the second rather complicated process of multiplication I have jjrepared 
Tables XX.A and XX.B. Table XX.A shows in time and in decimals of a day the time occupied 
by the sun in travelling 1“ during each sidereal month, according to either the Arya or the Siirya 
Siddhanta ; and Table XX.B shows in degrees and in decimals of a degree the amount of ayanamias 
we require when using the Surya Siddhanta, those required when using the Arya Siddhdnta being too 


easy to require a Table. 

Thus, referring to Examples 9 and 10, instead of the rather troublesome process of calculating 
in Example 9, or the still more intricate ¥'<'•“'>»> ? x »’<''■ «" in Example 10, we 
may, using Table XX.A, take the former sum as 1.0113 x 9.25, and the latter as 1.0118 x 8.67.® 


* Freoemion per annum being l' (Arya), or 64*. nearly l' (Siirya), and the earth’s motion being about 1* per day, 
or 1' in a ghiitika approximately. 

* In Example 10 the diderence of years was found to be 078, and ool. 6 of Table XX.B gives us for SOO years 7* O', 
for 70 years .OO', and for 8 years 0* 12', total 8.67* in ayananttos ; or the same amount may be gathered for A.D. 1077 from 
cols. 2, 3, vl*., for A.D. 1000, 7.016*, and for 77 odd years 1.06* + 0.106*, total 8.67* 



14 


INDIAN CHRONOGRAPHY. 


This gives us for the former (Ex. 9, Aryti 9.354525, which, when taken as days (Table XXXVI.) 

= 9 d. 8 h, 30 m. 31 s. ; and for the latter (Ex. 10, Surya Siddhdnta) 8772306, which, when taken as days 
— 8 d. 18 h. 32 m. 7 s. Both these results are almost similar to those given by the more complicated 
process in the two examples quoted. If fully worked the results exactly agree. 

The Sddhya 

39A. In very acciwate calculations for tropical sarhkrantis the annual change in the position 
of the line of apsides of the earth’s orbit ought strictly to be taken into account, and the consequent 
slight change in the Sodhya interval, or the time difference between the moments of true and mean 
Mesha samkranti ; thougli even in the 5000 years embraced by our Tables the change in the SOdhya 
has been exceedingly small. 

39B. Since, however, the amount of this difference as it existed in K.Y. i current or the epoch 
of the Kaliyuga is of very great importance later on when we come to deal with the saihvatsaras of 
Jupiter, it will be well that 1 should here, once for all, consider the subject in detail. The word iddhya ” 
means in mathematics something to be subtracted or cleared off with the view of rectifying a stated 
quantity ; but, following the Indian Calendar, I apply the name to the time-difference between the 
mean and true sun (or the sun’s i)lace as measured by his mean and his true longitude) at the first point 
of Mesha, or longitude 0®, the ]X)int from which all celestial longitudes are measured in Hindu astronomy. 
It represents the time-equivalent of the equation of the centre, or the difference between the time at 
which the sun, moving with his true velocity in the ecliptic, reaches the first point of Mesha and the 
time at uhicli he would reach it if his velocity were constant. Both true and mean suns are together 
on the perigee and aix)gee points of the orbit, but by the time the true sun, having left the perigee 
point, reaches longitude 0® or 360® the mean sun is behind it. The difference between them is the 
46dhj’a. Exactly 180® from the perigee ix)int is the apogee point, and a line joining them is the line 
of apsides.” Now there is a slight annual shift in this line of apsides, and consequently a slight change 
in the longitude of the apogee and the perigee. Since the velocity of the true sun, and therefore the 
time at whicli it reaches longitude 0°, depends on the position of the line of apsides, it follows that, in 
proix)rtion to the shift of that line or the change in the longitude of the apogee point, there must be a 
change in the Sodhya interval. But this change is exceedingly slow. According to the Surya Siddhdnia 
the annual change in the position of the sun’s apogee is only o.ii6i^,^ while the Arya Siddhdnia 
does not teach any change at all ; and since by the Surya Siddhdnia the difference of anomaly 
{Ind, Cal, p. 5, note 4) in 5000 years only amounts to 9' 13^, it is evident that the difference in the 
^Sdhya in years divided even by so long a period would amount to very little. I have therefore retained 
for the initial point of Kaliyuga reckoning (otherwise called the ” epoch of the Kali3aiga,” or mean Mesha, 
samkranti of K.Y. 0 expired or i current) the Sodhya value as calculated for K.Y. 4238, or A.D. 1137 
(see Ind. Cal., §§ 24, 26, p. ii), i.e., its value for longitude of apogee 77® 16'. It amounts by the Sfirya 
Siddhdnia to 2.170694 days, and by the First Arya Siddhdnia to 2.1475694 days. I admit that the 
time results of my Tables for Jupiter by the Surya Siddhdnia may be wrong by a minute or two in 
consequence of my making no change in the ^odhya value for these Siddhantas ; and if the beginning 
of a sarhvatsara should be found to occur within a minute or two of Mesha samkranti the case may be 
specially examined. The value for the sun’s anomaly for different centuries is given in Jacobi’s (Epig. Ind., 
Vol. I.) Table XIII., and the corresponding equation of the centre in his Table XXIV. For the Original 
Surya Siddhdnia I liave taken the 6odhya value as declared by Sh. B. Dikshit in Ind. Ant. 1890, p. 49, 
viz. 2.23972 d., or 2 d. 5 h. 45 m. 12 s. For the rest I have accepted Dr. Schram’s valuation. 

^ The authors of E. Burgesses Surya Siddhdnia stated the longitude of the apogee in K.Y. 1 current os 77* Y 48*, and 
over 4200 years later it has been calculated by the same authority os 77* 16^ Prof. Jacobi states the annual change by the 
Sefiond Arya Siddhdnia as 0.1383*. and by the BrGhma Siddhdnia os 0.144*. (Epig. Ind., I., 441.) 
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39c. Dr. Schram has been so kind as to carry through a series of most careful and elaborate 
calculations with a view to ascertaining definitely, by the elements of several different Hindfi SiddhSntas, 
the exact value of this Sodh3"a interval at the epoch of the Kaliyuga and for five subsequent milleniums. 
Dr. Schram’s results differ slightly from the results indicated in the Indian Calendar, which were based 
on Mr. Sh. B. Dikshit*s fixture of valuations ; and though attempts have been made to ascertain the 
basis for these last, none have been successful. My own endeavours were in accord with those of 
Dr. J. Burgess and Dr. Fleet, both of whom were good enough to help me in this respect. We can none 
of us find out how Mr. Dikshit arrived at his figure, 2.170694 d. according to the Surya Siddhdnia, for a 
position of the sun's apogee taken as 77® 16' in A.D. 1137. (Ind, CaL, § 24.) Dr. Schram calculates 
the same as, correctly, 2.169751 d., a difference of 0.000943 d., or about 1 m. 18 s. In these circum- 
stances the question which I had to decide was whether I should alter my figures in Tables XXVII., 
XXVIII., XXIX. — figures which depend on the value of the S6dhya— or leave them based on this value 
as settled by Mr. Dikshit. I have finally decided on the latter course for three reasons. First, the 
differences are not great, and I have added a note on them to each Table. Secondly, even though HindQ 
computation may not have been scientifically perfect, it is safer, when examining Hindu dates, to accept 
that computation. Thirdly, I find on practical test that results by my Surya SUldhdnta Tables as they 
stand, with the Hindi! computation of the ^Odhya accepted, are very closely in agreement with the 
results arrived at when these are calculated by the elaborate and cumbrous formula? laid dowm by the 
Siddhanta itself, closer than w’ould be the case if I accepted Dr. Schram's Sodhya- valuation. (See 
Example 50.)^ It may also be noted in this connection that the 66dhya value, when used for such 
purposes as for my Tables for the Jovian samvatsara.s, is a constant quantity, and not liable to any 
increase, how^ever great may be the interval from K.Y. i current to the given K.Y. year ; so that the 
difference between the results is ahvay.s the same, and this being small, only one or two minutes, it is not 
as a rule very important. 

39D, Dr, Schram has sent me his full process of work by tw^o different methods in order to arrive 
at the proper scientific value of the sodhya in different millenniums (but for purposes of Tables XXVII. 
to XXXI.. especially required for K.Y. i current, or 3102 B.C.). And, first, 1 give his results in tabular 
form, as follows : — 


Dr, Schram's valuation of the sodhya in days and decimals, 


First Arya Siddhanta, 


Surya Siddhdnta, 


Year. 

a series of 
approximations. 

j 

By direct 
calculation. | 

By a series of 
approximations. 

j By direct 

j calculation. 

1 

K.Y. 0 

1000 

„ 2000 

S- 140831 1 

1 

j 

2*108900 

2*109101 

2*109302 

2*1688997 
, 2*1691004 

2*1093011 

„ 3000 

„ 4000 

2> 141)831 1 

2*169602 

2*109703 

2*169904 

2*1696018 
2*1697024 
j 2*1699031 

„ 6000 

1 

! 


^ Table XXXI., for the Brdhma Siddh&nta and Siddhdnta Siremani is based on Dr. Schramms valuation of the i&Gdhya 
In K.Y. 1, current 
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1 

Brdhma SidihAnta* 

! 

SidMMa SirAmmUa 

1 

1 

Year. 

By aaeriee of 

By direct 

By a leriea of 

By direct 


approzimationi. 

calonlation. 

1 

approximations. 

calculation. 

K.Y. 0 ' 

1 2*171973 

1 2*171971 1 

1 

2*171978 

2*171971 

1000 

2-172227 

! 2-172226 : 

2*173821 

2*173819 

„ 2000 ' 

2*172482 j 

1 2*172481 

2*175669 

2-175668 

„ 3000 1 

2*172786 j 

' 2-172736 ! 

2*177517 

2-177516 

„ 4000 

2-172991 

2*172991 

2-179365 

2-179364 ! 

5000 ' 

2-173245 1 

2-173246 

2*181213 

2-181213 

1 

Second Arya SiddMnta, ! 

Original Surya Siddh&nta* 

Year, 


I 




By a scries of 

By direct 1 

No calculation attempted owing to 


approximations. 

calculation. j 

insuffloient data. 


K.V. 0 2- 171973 2- 171972 

I, 1000 ' 2*172218 ' 2*172217 Sh. B, DikRhit's valuation for 

„ 2000 2*172402 2*172462 K.Y. 0 , vii., 2.23974, atanda. 

.. 3000 2*172707 2*172707 {Indian Antiquary, Vol. XIX., 

„ 4000 2*17*951 2*172962 /or 1890, p. 49). 

„ 6000 2*173100 2*173197 


The difference in 5000 years in the rase of the First Arya Siddhdnta (the Aryahhatiya) amounts to 
I tn. 26 s., in that of the Siirya Siddhdnta to i m, 27 s., in that of the Brahma Siddhdnta to i m. 51s,, 
and in that 0;' the. Siddhdnta Siromani to the mucli larger amount of 13 m. 19 s. For purposes of my 
Tables for Jupiter, however, this difference is immaterial since they are based on the values at K.Y. 0 
alone, 

39 E. The following shows Dr. Schram’s method of direct calculation. Let x be the sun’s equation 
of the centre at the instant of tme Mesha samkranti. As the true longitude of the sun at this instant 
is 0“ or 360° its mean longitude will be 360°— sr. At the instant of mean MSsha samkranti the sun’s 
mean longitude is 0® or 360®, and the difference between the mean longitude of the sim at the instants 
of tiue and mean Mesha saihkranti is equal to x. Now, if the mean daily motion in longitude of the 
sun is called m, the sun takes days to travel over this difference x, and = the 46dhya. Hence — 
(i.) The sun’s equation of the centre at the instant of true MSsha samkranti = x 
The sun’s daily motion in mean longitude = m 

Sodhya in days = - 

»» 

The equation of the centre has to be separately calculated for each Siddhdnta, and we require 
for each the sine of the sun’s anomaly, or the angle a, completing the anomaly to 360®. The anomaly 
of the sun is the difference between the sun’s mean longitude and the mean longitude of the sun’s apsis. 
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At the instant of true MSsha samkitlnti the mean longitude of the sun is 360“ — x. Let the mean 
longitude of the sun’s apsis at this instant be called Then we have — 

(ii.) Sun’s anomaly = 360* — x — 

a = 360® — sun’s anomaly = * + )5. 

To obtain the sine of a we use the Table of Hindtt Sines published in E. Burgess’s " Siirya 
Siddhdnta," p. 285, and in the “ Journal of the American Oriental Society,” Vol. VI., p. 197, where the 
sine is expressed in minutes. Since at the instant of MSsha sariiki-anti the angle o is, according to 
all the Siddhantas, contained within the limits of 78® 45' and 8a® 30', we have — * 

(iii.) Sin a = sin (x + / 3 ) = 337 ^'+ ^ — 78® 45'). 

We now calculate this for the First Arya SiddhS,nta (the Aryabhaiiya). 

According to Jacobi (Epig. Ind. /., p. 441), the sun’s equation of the centre is — 

(iv.) a; =“J^sin a = sin a. 

Substituting in (iv.) the value of sin a from (iii.) we have — 

= ’r ^ ^ (p - 78“ 45'). 

and from this equation — 

fv \ ,l>Lia22Lx,?a. A ? X-J! {R — 78® 44'), 

^ (Soxaag)— (3X17) ^ (8oxa^)— (JXJ7) /* 

or 127.23461345' + 0.0062049304 {p — 78® 45'). 

According to this Arya Siddhanta there are in a yiiga 4,320,000 revolutions of the sun and 
1,577,917,500 civil days ; and therefore the mean daily motion in minutes is— 

txn \ AM 4.aflQ.OOOX a6oX6Q 

' *' 1 .S 77 . 9 » 7 .S«> 

aiiu ai.uii^a 17.880x4.320.000x360x60 • 17.889 x 4.3!W, 000 x 360 x \R /• 

(»r Sodhya == 2.15155310 d. + 0.0001049261 d. (p — 78® 45'). 

As according to this Arya Siddhdnta the longitude of the sun’s apsis is always 78®, we have 
/J = 78®, or — 78® 45') = — 45'. 

Putting in this value respectively in (v.) and (vi.) we have always— 

(viii.) Sun’s equation at true MSsha samkranti = 2® 6.9553916' ; and Sodhya, in days, 

= 2.14683143, or shoitly, 2.146831 d. 

On this principle Dr. Schram has calculated for the other Siddhlntas ronceined. 

39F. By his other method of approximations he took the data from the recognized authorities, 
e.g„ the sun’s anomaly from Jacobi’s Epigraphia Indica (Vol. I.) Tables, as well as the sun’s mean daily 
motion (ibid., p. 442) ; the sun’s true daily motion at the moment of Mesha samkranti from Warren’s 
Kala SankalUa, Table XXVIII. ; the equation of the sun’s centre from Jacobi (op. cii., p. 4.41) ; and 
the sun’s mean longitude for the instant when his true longitude is 0* (viz., 337® 51' 38*) from Jacobi’s 
'liable XX. Taking this last as his first approximation for the sun’s mean longitude at mean MSsha 
samk'rSnti, he finds the anomaly from this mean longitude minus the longitude of the apsis (78®), and 
thence obtains the value of sin a. Having worked out three separate, and each closer, approximations, 
he obtained for final result the same figure as given above for the iodhya, viz., 2.146831 d. He then 
proved this result by Jacobi’s Table XXIV. 

Dr. Schram’s calculation for the Siirya Siddhdnta was complicated by the fact that it contains 
a quadratic term. The sun’s equation of the centre is (Jacobi, Epig. Ind. I., 441)* x = ^ sin a 
— 3X360X3481 sin *a. Tliis formula being substituted in (iii.) above gives the starting point for 

’ The quoted Table of aines tabulates, for an angle of 78° 45', 3372', and the next angle dealt with is 82* 30'. 'The 
difference between the sine of the first and the sine of the second angle is ZT* As the difference betw’een the angles is 22t>* the 
difference for each minute is ^ Therefore, if the angle to be dealt with is, as here, greater than 78” 45' — if, that is, we are 
dealing with an angle 78” 45' + A — the sine of that angle is 3372' -f ^A. Hence formula (iii.). 

* There is a misprint In Prof. Jacobi’s paper on p. 441, 1. 18, where he gives the equation of the sun’s centre for anomaly 
a as = sin ^ a - &c. The whole should be -it sin a — 
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the calculation. It is not necessary for me to reproduce the whole process, which is elaborate and most 
carefully worked. The result is as I have tabulated above. 


Prof. Jacobi’s " Indian Antiquary ” (Vol. XVII.), Tables 1-4. 

40. These Tables VA'ere constructed for the purpose of enabling the initial days of solar months 
according to the Arya Siddhanta to be approximately found at a time when no reliable lists were 
available ; but after the publication of Table I. of the Indian Calendar, which fixes the time of MSsha 
samkrSnti each year in hours and minutes, and of accurate Duration-Tables of months, both true 
and mean, such as are given in Table III. {Ind. Cal.) and Tables XVIII. and XIX. below, Professor 
Jacobi’s Tables 1-4 are no longer wanted. 

41. It is advisable, however, to point out for the benefit of anyone who may desire to use them 
that, as admitted by the author {Ind. Ant., XVII., p. 147<t), they contain an inherent source of error. 
This error may amount to as much as 52 minutes. Thus in his Table I., taking the 576-year cycle from 
A.D. 373 to 949, his results differ from the actuals by 12 minutes during the first 116 years, by 22 minutes 
dming the next, by 32 minutes during the next, by 42 minutes during the next, and by 52 minutes in 
the last 112-year period. Similar differences obtain in the use of the other three Tables. 

42. I recommend therefore the abandonment of those Tables, and the adoption of the fixed 
M€sha saihkrSnti times given in Table I. of the Indian Calendar. The Tables answered their purpose 
sufficiently well in the absence of definite information fixing the moment of beginning of each solar year, 
but now that we are in possession of that information we should do wisely to avoid them. 


Note on the Kollam Era. 

42.S. The Kollam era, used on the West Coast of Southern India, from Mangalore to Cape 
Comorin, and in parts of the Tinnevelly district, began in K.Y. 3926 expired, A.D. 825-26. Its year is 
solar. Its twelve months are, in Malabar, named after the signs of the zodiac (but corrupted^ while in 
Tinnevelly they have the names of the lunar months, " Chittirai ” (for Chaiti-a), corresponding to the 
solar month Mesha, and so on. In North Malabar the year begins with the sun’s entry into the sign 
Kanya, that is, with the solar month Alvina ; in South Malabar and Tinnevelly it begins with his entry 
into Sithha, that is, with the solar month Bhadrapada. Consequent!}', in order to convert a given year of 
the Kollam era into an expired year of the Kaliyuga, we have to add to the figure of the former 3925 in 
North Malabar for the months Kanya to Mina inclusive, and 3926 for the remaining months, and in 
South Malabar and Tinnevelly 3925 for Simha to Mina and 3926 for the remaining months. Very often, 
in this part of India, dates in inscriptions mention not only both the solar and lunar date, as for instance, 
“ the sun being 21 days old in Vrishabha, Wednesday, the fifth lunar day after new moon,” but add 
the sign in which Jupiter then stood, e.g., " Jupiter entering MSsha,” " Jupiter in Dhanus,” and the 
like. Rules are given below for testing all such details of a date. 


Initial day of a civil month. 

43. A civil day in the Indian solar calendar begins at sunrise.^ The first civil day of the solar 
month is found {a) from the moment of the initial samkranti of the month, (6) from the application of 

* Trae snnrise. But calculation must first be made for mean sunrise. The latter is 0 Lafiki time, or, as usually 
consideFed, 0 a.m. Tho former depends on the latitude and longitude of the locality. Tables for oaloulating in true local 
time will be found in ,Epigmf3ua Indica, Vol. II, pp. 487 t (Jaedbi), and in my Etlipeu of the Moon in India. It isbnly 
necessary for my yttatnt purpose to consider mean sunrise as the beginning of the solar day. 
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local rule. The rules obtaining are detailed in § 28, p. 12, of the Indian Calmdar, They are four 
in number : — 

(i.) The Bengal rule. When a samkranti takes place between sunrise and midnight, or between 
o h. and 18 h. Lanka time, the solar month begins next day ; when it occurs after midnight the first 
day of the solar month is the next following, or third, day. 

(ii.) The Orissa rule^ for Amli and Vilayati eras. The first day of the month is the day of the 
sariikrfinti whenever it occurs. If, for instance, the sarhkranti occurred at 23 h. 50 m. Lanka time, or 
23 h. 50 m. after sunrise on a Friday, though this be only 10 m. before sunrise or about 3.50 a.m. on 
the Saturday, still the first civil day of the month is Friday. 

(iii.) The Tamil rule^ or general rule for South India. If the saihkrSnti takes place on any day 
before sunset or 22 h. Lanka time that day is the first civil day ; if it takes place after sunset, or between 
12 h. and 24 h. Lanka time, the next day is the first day of the month. 

(iv.) The Malabar rule. The day between sunrise and sunset is divided, according to its true 
length, into five parts ; and if the sarhkranti occurs within the first three of them the month begins 
on the same day, otherwise it begins on the following day. Thus, if the length of a day from sunrise 
to sunset is 12 h. 30 m., its fifth part is 2 h. 30 m., and three of these parts is 7 h. 30 m. If a sarhkranti 
occurred on a Friday 7 h. 23 m. after sunrise, the first civil day of the month began at sunrise on Friday ; 
but if it occurred at 7h. 35 m. after sunrise, the first civil day of the month began at sunrise on Saturday. 


Conversion of Results by the Ary a into Results by the Surya Siddhdnta and vice versa. 

44. The exact time fixed by a calculation according to the Arya Siddhdnta, made for the purpose 
of testing the date of an inscription, will be found generally to differ from the similar result made by a 
calculation when the Surya Siddhdnta is used. There are three reasons for this : — 

(1) The starting point for calculations, which is the astronomical beginning in time of the true solar 
yeai-, i.e., the moment of true Mesha sariikranti, as fixed by the Arya, differs, except in A.D. 496, when 
the tv>'o were together,^ from the same moment as fixed by the Stirya Siddhdnta. 

(2) The lengths of the true solar months according to the former differ slightly from those 
established by the latter. Tliis is also the case with the mean months, but in them the difference is 
very small. 

(3) In the case of calculation by the sun’s mean motion a constant quantity called by us the iodhya, 
viz., the difference between the time of the sun’s arrival at the Mesha saihkranti point when calculated 

,by his true and his mean motions (§ 39A above), has to be applied to the time of true Mesha saihkranti ; 
and this 66dhya interval is not quite the same according to the various authorities. 

43. These differences necessitate the application, in the case of both true and mean computation, 
of two out of three corrections to a result obtained by one of these Siddhdntas if we desire to ascertain 
what that result would be by the other. I proceed to explain them more fully. In “ true ” calculations 
Coirections I. and II., in mean calculations Corrections 1 . and III., must be so applied. 

46. The sidereal year of the Arya Siddhdnta is in length 365 d.6 h. la m. 30 s., and that of the 
Surya Siddhdnta is 363 d. 6 h. 12 m. 36.56 s. The time of the Mesha saihkranti, according to the latter, 
Correction I therefore earlier than it is according to the former by the amount of 6.56 s. per annum 

Year len ths years prior to A.D. 496, when the two were together, and by the same amount later 

^ * in years subsequent to that date. The time of the true Mesha sarhkranti for every year 

according to the Arya Siddhdnta from A.D. 300 to 1900 is given in the Indian Calendar, Table I., and 


* See the ** Additional Notes *’ at the beginning of this Volume. 
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the time according to the Siirya Siddh&nia from A.D. iioi to 1900. Table XVII. below gives the time- 
differences for eveiy year from A.D. 300 to 1900, in minutes ^ as well as (for convenience in luni-solar 
calculations) in the value of a, b, c. The signs -I- and - as given in Table XVII. are to be used when 
converting Arya Siddhinia results to Siirya SiddhdrUa results, and when the reverse process is required 
’ the signs are to be reversed. This enables anyone to ascertain by either authority the moment of 
tnie Mfeha saihkranti for any year of the 1600 years of the Tables. 

47. Tables 1 . and XVII., however, give no information as to the exact moment of MSsha 
saihkranti in years earlier than A.D. 300. For the use of those who may desire to know for such years 

at what moment this took place according to calculations made with the length of the year 
Note. as fixed by the Arya Siddh&nta * — at what moment, that is, the MSsha saihkrSnti would have 
been determined to have occurred if that Siddhinia, or other authority having the same year- 
length and starting calculations from the same base, had been used — the following note is inserted. 
The Julian year is 365 d. 6 h. long ; the solar year of the Arya Siddhinia is 365 d. 6 h. 12 m. 30 s. long ; 
so that the Arya Siddhinia year is 12 m. 30 s. longer than the Julian. This excess amounts to exactly 
five days in 576 years, and at this rate the Arya Siddhinia MSsha samkranti is continually advancing on 
the Julian year. Conversely, that point is, in time, precisely five days earlier in every year 
removed 576 years backwards. Thus in Table 1 . of the Indian Calendar it will be obscirved that in 
.A.D. 600 MSsha .sariikrSnti occurred on March 19th at 5 h. 30 m. Lanka time. In A.D. (600 -I- 576) 1176 
it occurred on March 24th at 5 h. 30 m. LahkS time, and in A.D. 1752 on March 29th at the same hour. 
Therefore in A.D. 24 (600 — 576) it occurred on March 14th at 5 h. 30 m. Lanka time. 

48. The times given in cols. 15, 17 of Table 1 . of the Indian Calendar aie fixed on this principle. 
The annual increment being 12 m. 30 s., we have tabulated the difference in alternate years as 12 m. 
and 13 m. ; and this same annual increment being 31^ palas, we have tabulated the difference as 31 palas 
for three yeais and 32 palas in the fourth year. {See also “ Hint ” No, 20, below), 

49. ITius to find the moment of MSsha samkranti for any year not given in the Tables, it is only 
necessary to find what that moment was in a j'ear removed 576 years from it, whether earlier or later, 
or by any multiple of 576 ; and while retaining the hours and minutes, to alter the day backwards or 
forwards by five days for every such iieriod. 

50. It must be borne in mind, however, when \vorking for Christian era years B.C., that, since 
there was no year A.D. o-ij* the inteiTal for such years is to lie increased from 576 to 577. For 120 B.C„ 
for instance, we work from the time of Mesha samkranti as fixed in (577 - 120) A.D. 457, For years of 
the Kalij’uga era the interval is always 576. 

51. As to the week-days ; since the same day of the month in consecutive Julian years is always 
one week-day later in each common year and two week-days later in each leap-year, we have, in an interval . 
of 576 j eais, an advance of {576 + 144 =) 720 days. To this has to be added the five extra days 
resulting from the difference between the Julian and Arya Siddhinia yeai'-lengths in each cycle of 576 
years. Total, 725 days, which, divided by 7, leaves remainder 4. So that we subtract four days from, 
or add them to, the week-day given for the Mesha saihki&nti of the base year, for every interval of 576 
years removed from it backwards or forwards as the case may be. See, for instance, the examples given 
above (§§ 47, 50). The week-day corresponding to the MSsha saihkrSnti day of A.D. 600 being 0, 
Saturday, the week-day of the M6sha samkranti day of A.D. 24 was (7 — 4 =) 3, Tuesday ; and the 
similar day in A.D. 1176 w'as (0 -1- 4) 4, "Wednesday. So the week-day corresponding to the MSsha 
samkranti day of A.D. 457 being 2, Monday, the week-day of the Mesha samkranti day of 120 B.C. was 
(9 — 4 =) 5, Tliursday. 

' This suffices for all practical purposes. 

‘ We are not concerned with the Siirya Siddh&nta at so early a date. 

* Between 1 B.C. and A.D. 1 there is no year. AD. 0 is 1 B.C., and 0 B.C. is A.D. 1. > 
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Rule for finding Mesha 
samkranii for any year 
not given in Table 
by the Arya Siddhdnta, 


52. To show that the above processes yield accurate results and are not mere rough-and-ready 
approximations, I may state that at my request Mr. Sh. B. Dikshit si>ecially worked out the times 
of the M6sha sariikrantis in some years by the elements of the Arya Siddhdnta itself, in order that we 
might have a quite independent check on the figures which we obtained by the method just explained. 
One of these years was A.D. 499-500 (Saka 422 current, K.Y. 3601 current). He found that by this 
independent calculation the moment of true Mesha samkranti of that year by the A,S. was Friday, 
March 19th, A.D. 499, at 6 gh. up. Table I. has 6 gh. 9 p. on the same day The difference between the 
two amounts to 48 seconds, of vvhich half at least, if not the w^hole, is attributable to fractions of vipalas. 

53. Similar calculation direct by the AS, for the Mesha samkifinti in A.D. 78, Saka i current, 
yielded Sunday, March 15th, at 11 gh. 55 p. Calculation by the process I have explained gives 11 gh. 52 p. 
30 vip. on the same day, showing a difterence of 1 m. The slight difference is not material, and on 
consulting Mr. Dikshit he advised a systematic adherence to our own system, in ]>rcference to direct 
calculation from the Siddhdnta, as more likely to yield correct results. 

54. The rule, then, for finding the true Mesha samkranti time by the Arya Siddhdnta of any 
year not already given in col. i of the Indian Calendar is as follows : Look in Table I. and take the day, 

week-day, hour and minute of the similar moment (cols, 13 io 17) in a year 
removed 576 years or a multiple of 576 years from the given year. For the 
day of the month deduct five days for every period of 576 years in the case of 
5^cars earlier, or add the same for a similar period in the case of years later, 
than the year taken from Table I. For the week-day deduct or add four days 
similarly. Retain the hours and minutes given in Table I, for the year taken 
as base. The result is the moment of true Mesha sarhkrSnti for the given year. For mean Mesha 
samkranti add the Sodhya interval (Corr, III, below) by the Siddhanta concerned.^ 

55. The Table on p. 10 of the Indian Calendar shows the lengths of true solar months according 
to both the Siddhaatas concerned, and these differ from one another. In consequence, even if there 

Correction II difference in the astronomical beginning of the solar year, the astronomical 

M ihU ih subsequent solar months, i,e„ the moments of the sarhkrantis, would not 

on ng s. s2ime by the tw’o authorities. Table III. (p. evii.) of the Ind, Cal, gives the 

collective duration of months from the Masha to each subsequent samkranti by the two Siddhantas ; and 
I have repeated this in my new Tables, XVIII.A and XVIII.B, adding the a, b, c corresponding 
to that collective duration, and giving besides the difference in the lengths of each solar month between 
the samkranti?, with the corresiX)nding a, b, c for each. This helps to simplify calculations of all kinds ; 
for when w^e have found the a, b, c for Mesha samkranti of any year we simply add to them the a, b, c 
given in the new Table for the interval to the required samkranti, obtaining the desired result in one 
.process instead of having to make two separate calculations. The a, b, c for any subsequent interval 
of days is obtained from Table IV. of the Indian Calendar, and of hours and minutes from Table V. 

56. For the purpose of converting a ** true measurement result aiTived at by the Shrya 
Siddhdnta into a similar result by the Arya Siddhdnta, and vice versa, we apply, for true Mesha samkranti, 
the correction (I.) given in Table XVII. ; and for all subsequent samkrSntis w^c add the correction (II.) 
given in Table XVIII.C, which gives the time and a, b, c difference for each samkranti betw^een the 
two authorities. The first process alone must be used for the M^sha samkranti ; both processes are 
required for all subsequent samkrantis. (See Examples 13, 14, below) 

^ (See { 162 below, para, 2, and Note,) It being a fact that in A.D. 409 mean Meeha samkranti by the Arya Siddh&nta 
took place precisely at nqpn on March 2l8t, it is also a fact that the true M6sha samkrinti of that year oocimod precisely 
at 2 h. 27 m. 30 s., or in Hindu reckoning at 6 gh. 8 p. 45 yip. Lanka time, on March 19th. Consequently, our tabulation in 
Table 1. of 6 gh. 9 p. is correct. 

° In Table XXXVIII.O. I have given the moments of oecurreuce of moan Mesha samkranti by the Arya Siddhdnta for 
a period of 570 years, viz., from A.D* 499 to 1075. 
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57. All calculations in solar reckoning made by the mean sysiem must have for their starting 
point the moment of the mean and not of the true Mesha samkr&ntl Between these two there is an 
, - -- interval called the iodhya. (See §§ 16, sgA, (Sc,) As stated in the Indian Calendar 

7 " ^ take this interval as a constant. According to the Arya SiddAdnta 

Sodhya'lengt IS, consists of 2.1475694 d., or 2 d. 8 gh. 51 p. 15 v., or 2 d. 3 h.32 m, 30 s.,and according 
to the Surya SiidMnia of 2.170694 d., or 2 d. 10 h. 14 p. 30 v., or 2 d. 4 h. 5 m. 48 s. ; the difference 
l)etween the two amounts to 1 gh. 23 p. 15 v., or 33 ni. 18 s., by which amount the latter is longer than 
the former. In terms of our a this difference amounts to 7.83, and therefore we take n = 8 as the 
NV’orking diflercnce between the two Siddhantas in this respect. 


58. In mean calculations on the a, 6, c system we are only concerned with a, which gives us 
the mean longitudinal distance of the moon from the sun at any moment. The Arya Siddhdnta S5dhya 
is, in terms of a, 727, and the Surya Siddhdnta ^odhj'a, in terms of a, is 734. As before explained every 
figure of a in our method of work by the true sj^stem has been reduced by a certain amount to compensate 
for amounts added to h and c, so that all processes may be additive ; and when we have, as in mean 
calculations, to use a independently of b and r, we first find a in the usual manner, and then restore it 
to its proper dimensions by adding the amount by which it was artificially reduced. This amount was 
for b 140.2 and for c 60.4, total 200.6. Taken by itself the round figure corresponding to this should 
be 201, and this is what should properly be used for all direct calculations. But when we are merely 
con^•erting a result by one of our two Siddhantas into a result by the other, and are doing so by using 
the figure of a for the difference between the two, which figure I have stated exactly as 7.83 and roughly 
as 8, the regular addition to the calculated a should not be 201, but 200, since 200.6 + 7^83 ^ 208.43, 
and the decimal is less than half an unit. On the other hand, when using the Siddhanta difference 7,83 
as a minus quantity the proper value of the constant will be 201, since 201 — 8 ^ 193, which is the 
nearest whole figure to (200.6- 7.83) 192.77, For ordinary calculation however, the value of the ScMhya 
constant may be taken as 200, wiiich is a convenient figure ; but for closer work it will be well to use 
the decimals in the calculation, and then take the nearest whole figure. 

59. The time and longitude of the other mean samkrantis is found from the time of mean Mgsha 
samkrSnti by adding to the latter the time-difference, or longitudinal (a) difference, given as the collective 
duration against each samkranti in col. 5 of Table XIX. (A or B, whichever SiddhSnta is being utilised),^ 
and if these particulars are required for two consecutive sanikrantis, as in calculations for mean inter- 
calated months, then by adding to the a of the first the a of the interval to the second, as given in 
col. 6 of those Tables. 


60. When the moment of a mean samkranti has been found by the Surya Siddhdnta it is converted 
to the same moment according to the Arya Siddhdnta by (1) applying Correction I. (Table XVII., with 
sign reversed), and Correction III. (in time — 33 m. 18 s., or, in a, — 8) ; for the reverse process we apply 
Correction I. (Table XVII. as it stands) and Correction III. (+ 33 m. 18 s. or, in a, + 8). (Sec Examples 

17^ 36-40.) 

61. All this is very simple in practice, as the following example will show : The year A.D. 1096-7 
was close to the time when the Surya in many parts of India supplanted the Arya Siddhdnta^ and we 
w^ant to know the times of mean Mesha and mean Vrishabha samkrSntis, as well as the mean 
moon’s distance from the sun, or the value of n, at each — and these by both the Siddhantas. 


^ The onl}^ differences between these two are in connection with the Kumbha and Mtna. samkrantis. 1 have given the 
exact figures in Tables XIX. A, XlX.B, cols. 3, 4, as they may bo found useful for other purposes, but in practice vipalas and 
seconds below the half may be ignored. 



M&SHA SAUKRANTI BY THE ORIGINAL SVRYA SIDDHANTA. * 23 


First for the Arya Siddhmta : d, w. h, m. 

True M€sba samk. by Ar. SiddA, (Table /., cols, jj, 14, 17) . (83) i 12 50 

A. S. iddhya (2) 2 3 32 

Mean M€sha saihk. by A. 5 ., Tuesday, March 25th {Table IX.) . ”(85) 3 16 22 


Mean Vrishabha sarhk. by A. 5 ., Friday, April 25th . . (116) 6 2 53 


Convert these times to Surya Siddhdnta figures. By that authority mean Mesha samkr5nti took 
place on (March 25th, 16 h. 22 m. +, by Corr. I., ih. 6 m. +, by Corr. HI., 33 m.) March 25th at 
18 h. I m„ and mean Vrishabha samkranti took place on (April 25th, 2 li. 53 m. + 1 li. 6 m. + 33 m.) 
April 25th at 4 h. 32 m. 

For the mean moon^s distance from the sun at each samkrfinti, or the value of let it be assumed 
that the a of the true M^sha samkranti by the A. 5. was 8751.^ To this add (Sodhya, a — ) 727 and 
(the constant) 201, Total, 9679. This is the value of a at mean Mesha samkranti by that Siddhanta. 

Convert this to the same by the SUrya Siddhdnta by (Corr. I.) + 15 and (Corr. JIT.) + 8. Total, 
9702. This is the figure for tlie /, which in mean calculation is the same as tabulated, for the Surya 
Siddhdnta, in Table I., Indian Calendar^ for the year in question.® 

To the values of a by the two authorities thus found, viz., A. S. mean Mesha samkranti 9679, 
and the same for the S. S. 9702, add in each case the interval to the next samkranti (Table XIX., col. 6), 
viz., 307, and we have the a of mean Vrishabha samkranti by the A. S. 9986, and by the S. S. 9 (as 
tabulated in Table I., col. ii«.) 

[Incidentally this proves that the lunar month intercalated in this year according to the Arya 
Siddhdnta was not VaiSakha, as Nvas the case by the Stirya Siddhdnta, but Jyeshtha.] 

62. I have given in full, so that they may be thoroughly understood, the details of this process, 
but in practice the use of Corr. III. for conversion of results from the Surya Siddhdnta samkranti figures 
as given in Table I. of the Indian Calendar, cols. 9, ii, 9A, iiA, to the same samkranti figures by the 
Arya Siddhdnta for the year A.D. 1096-97, simply amounts to the following 
5 . 5 . 9702 — 15 (Corr. 1 .) — 8 (Corr. III.) = A. S, 9679. 


Mhha samkrdnti, true and mean, according to the Original Surya Siddhdnta. 

62 A. Since it may often be found necessary to examine a date by the Original Surya Siddhdnta, 
I proceed to show how, from the information at present available, we may find the necessary and most 
important starting-point for calculations by it, viz. : the moment of Mesha samkranti, either true 
or mean. 

The moment of occurrence of a mean samkranti is found from any given or calculated moment 
of a tnie samkranti by adding to the latter the proper value of the §6dhya. The moments of all true Mesha 
samkrantis according to the Arya Siddhdnta arc given in Tables XXXVIII.A and XXXVIII.B and Table I. 
of the Indian Calendar from 59 B.C. to A.D. 1950 {see also Example 3 below), but for our present purpose 
only the earlier years are required ; the same rules, however, apply to all. Sodhya by the Arya Sid- 
dhdnta is a constant quantity and, ignoring seconds, = 2 d. 3 h. 32 m. Sodhya by the Original Surya 
Siddhdnta is declared by Sh. B. Dikshit to be 2 d. 5 h. 43 m. He takes this also as a constant ; and we 
may do the same, since, though there was possibly a slight variation during the course of 2000 years 
we are practically only concerned with about, at the utmost, a period extending over 1000 years, for 

^ I have oalouUted thb independently and louud it oorreot. 

° It the addition for the constant had been taken as 200, for convenience, the difference of one unit 4.25 minutea) 
would in thia case have been immaterial. 
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which his calculation may be assumed to be sufficiently accurate. The Table given below in § 162 
shows the time-difference to be applied in any year to the moment of mean M€sha samkr^ti according 
to the Arya Siddhdnta in order to obtain that moment according to the Original Surya Siddh&nia, 

I shall first give the rule for work according to the full process, which explains itself, and after- 
wards give a rule for shorter work which may be adopted in practice. 

(a) TJie full working-rule. Take down the day, hour, and minute for true Mesha samkranti in 
the given year by the Arya Siddhdnta, Add the amount of the Arya Siddhdnta ^odhya. This gives 
the moment of mean Mesha samkranti by that authority.^ Apply the time-difference for the year as 
given in the Tabic in § 162. This gives the moment of mean MSsha samkrSnti by the Original Surya 
Siddhdnta, Deduct the amount of the Original Surya Siddhdnta iddhya. This gives the required 
moment of true Mesha samkrSnti by the latter. We are thus enabled to obtain the moments of both 
true and mean Mesha samkranti by the Original Surya Siddhdnta^ as required. 

For an example take the year A,D. 300, Wc want the moments of true and mean Mesha sam- 
kranti by the Original Surya Siddhdnta in that year. (M.S.—Mesha samkranti ; kS.^Arya Siddhdnta. 


O.S.S. ^Original Silrya Siddhdnta ) : — ^ 

True M.S. by A.S. A.D. 300, Table 1 16 March 15 0 

Add Sodhya by the A.S. 2 3 32 

Mean M.S. by A.S 18 March 18 32 

Deduct (Table in § 162) lor difference of 199 years (i.c.^ A.D. 499 

— 300) 10 m. + 9 m. -f- 54 s. = 19 m. 54 s., or . . . —2 0 

Mean M.S. by O.S.S 18 March 18 12 

Deduct O.wS.5. §6dhya — 2 — 5 — 45 

True M.S. by O.S.S 16 March 12 27 


True Mesha samkranti according to the Original Surya Siddhdnta^ therefore, took place in A.D. 
300 on March 16th at 12 h. 27 m. after mean sunrise. Mean Mesha samkranti by that authority took 
place in that year on March i8th at 18 h. 12 m. after mean sunrise. 

(B) The shorter rule. It will be observed that the difference in results between the two authorities 
depends on two elements, (i) the difference in the value of the Sodhya between the two SiddhSntas, and 
(ii) the time-difference given in the Table in § 162. Since we take the value of (i), the 45dhya, as a 
constant in each case, the difference between them is also a constant. It amounts to 2 d. 5 h. 45 m. 12 s, — 
2 d. 3 h. 32 m. 30 s., or 2 h. 12 m. 42 s., by which interval the true Mesha samkranti by the Original Surya 
Siddhdnta was in every year earlier than the moment of true Mesha samkranti by the Arya Siddhdnta. 
The time-difference (ii) shown in the Table in § 162 varies every year. We can, therefore, take at 
once the moment of true Mesha samkranti for any year according to the Arya Siddhdnta ; deduct (i) the 
constant, or §odhya-difference, roughly 2 h. 13 m. ; apply (ii) the time-difference for the year (Table in 
§ 162, p. 57) ; and thus obtain the moment of true Mesha samkranti by the Original Surya Siddhdnta. 

Wc take, again, the year A.D. 300 d. h. m. 

True M.S. by A.S. (Table I.) 16 March 15 o 

h. m. 

Deduct — (i) constant, Sodhya-difference • . — 2 13 

(ii) Time-difference for 199 years (^T-able in 

§ 162) — 20 

Total — 2 33 — 2 33 

True M.S. by O.S.S . ”16 March ^12 27 

This result is precisely the same as that obtained by the longer process. 

^ Or obtain tho same by use of Table XXXVllI.C. 



mesha samkrAnti by the brauma swdhAnta 

62B. It wiU be well that I should point out dearly (the reason will be obvious from what has 
gone before) that a calculator must not be tempted to apply the time-difference given in the Table in 
§ 162 to the moment found for true M€sha samkranti according to the Arya, thinking flicrebv alone 
to obtain the moment of true Mesha samkranti by the Original Stirya Siddhania. This would be to ignore 
the difference in the 66dhya value by the two authorities. 


Mhha safhkrdnli, true and mean, according fo the Brahma Siddhdnta. 

()2C, The times of occurrence of the true and mean Mesha samkrantis of each year according 
to the Brahma Siddhania of Brahmagupta can be obtained on the same principle as in the case of the 
Original Surya Siddhania; but, for the amount of time-difference between the Brahma Siddhania and the 
Arya Siddhania (the moment of each year’s Mesha samkranti by which is given in Tabic I.), wc must use 
the Table given in §i 67A below; — and for the 46dliya-valuc wc have to use a different quantity. The 
Table in § 167A explains itself. 

62D. As to the 46dhya-valuc, it is plain that since the Brahma Siddhania was only composed 
in the year A.D. 628, we shall never require, except for speculative purposes, to calculate for any earlier 
year than that ; and as that year is the year K.Y. 3729 expired, wc need not trouble ourselves at present 
with any value of the sodhya other than for the centuries embraced in the period K.Y. 3000 to 5000. 
These values arc, as decided by Dr. Schram 

In K.Y. 3000, 2.172736 days, or 2 d. 4 h. 8 m. 44.39 s. 

„ 4000, 2.172991 „ 2 d. 4 h. 9 m. 6.42 s. 

3000, 2.173246 „ 2 d. 4 h. 9 m. 28.45 s. 

The looo-ycar diffcrericc is 22.03 s. and for the whole period of 2000 years is only 44.06 s. Wc may 
therefore take the value lor the whole period connected with the Brahma Siddhania as a constant, and as 
amounting to s 'd. 4h, 9 m. ; only using the actual values whenever a very close case demands excep- 
tional accuracy. 

Gsfe. This point settled, we arc enabled to make the necessary calculation. As an example 1 
take the year A.D. 1000, or K.Y. 4101 expired. And as in the case of the Original Surya Siddhania, 1 
give two methods of work, showing first the full work, and secondly a shorter process by which the same 
result can be obtained. 

(a) The full working-rule. This is, mutaiis mutandis, similar to the full working-rule for the 
Original Stirya Siddhania given in § 62A : — 



d. 

/». 

m. 

True M.S. by the ^.5. {Table I.) . 

22 Marcli 

16 

50 

Add A,S, Sodhya .... 

2 

3 

32 

Mean M.S. by the AS, 

24 March 

20 

22 

Deduct [Table in § 167A) tor 4101 years, 
21 s. Ignoring the seconds . 

, 23 h. 20 m. -1- 35 ni. -I- 

— 23 

— 53 

Mean M.S. by the Brahma Siddhania 

23 March 

20 

27 

Deduct Brahma Siddh, ^Odhya 

— 2 

“ 4 

— 9 

True M.S. by the Brdhma Siddh, . 

21 March 

16 

18 


According, therefore, to the Brahma Siddhania, true Mesha samkranti of A.D. 1000 occurred on 
March 21st at 16 h, 18 m., and mean MSsha samkranti on March 23rd at 20 h. 27 m., after, in each case, 
mean sunrise. 
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(B) The shorter rule. The value of the 4 ddhya according to the Arya SiidhdtUa being a constant, 
viz. 2 d. 3 h. 32 m., and the ^ddhya according to the Brdima SUdhanta being taken by us as a constant, 
viz. 2 d. 4 h. 9 m., we observe that the difference between these two values amounts in every year with 
which we have any concern, to 37 m., by which period a saihkrinti calculated by the Brihma was always 
earlier than the same as calculated by the Arya Siddhdnta. We therefore take the time of true MSsha 
samkranti of the given year according to the Arya Siddhdnta from Table I., deduct the time-difference 
given in the Table in § 167A for the number of the expired year of the Kaliyuga, and deduct also, for 
the S6dhya-diffe ence, 37 m. The result is the time of true Mesha saihkrSnti according to the Brdima 
Siddhdnta. The time of mean Mesha samkrSnti is obtained by adding to this the amount of the Sudhya 
by that authority, as stated, viz., 2 d. 4 h. 9 m. 

Working by the same year, K.Y. 4101 expired, the process is as follows ; — 

d. 

True M.S. by the A.S. (Table I.) 22 March 

h. m. 

Deduct (Table in § 167A) for 4101 years, as above . 23 55 

Deduct also for iOdhya-difference, as explained . o 37 

Total deduction ..... 24 32 — 24 — 32 

True M.S. by the Brahma Siddhdnta 21 March 16 18 

This result is the same as that obtained by the longer method. 


h, m. 
16 50 


M esha samkrdntis, true and mean, according to the Siddhdnta Siromani. 

OzK. The Siddhdnta Sirdmani, written by BhSskaracharya in A.D. 1150, K.Y. 4251 expired, gives 
the length of the solar year as identical with that of the Brahma Siddhdnta, with which also it agrees 
as to the moment of the epoch of the Kali}mga era ; so that the Tabic given below in § 167A applies 
equally to both these authorities in their respective relations to the Arya Siddhdnta. It also agrees 
with the Brdhma Siddhdnta as to the value of the Sodhya in K.Y. 0. ; but reference to Dr. Schram’s Table 
shows that in later centuries there was a change, and that the two authorities differ. Consequently, 
while these two authorities are entirely in agreement as to the position of Jupiter at any time (§ 163), 
in calculating which we have to consider the value of the S6dhya only in K.Y. 0., they arc not always 
in agreement as to the moment of occurrence of M6sha saihkrinti, because their iodhya-values in later 
years are different. That is to say, wc can calculate the time of occurrence of Mesha samkranti in any 
year by the Siddhdnta Sirdmani partly with the aid of the Table in § 167A, but in completing that 
calculation wc must use a S6dhya-value different from that of the Brdhma Siddhdnta. 

62G. Since the Siddhdnta Sirdmani came into existence in K.Y. 4251 expired, we need consider 
the length of the iddhya interval according to it only for the period K.Y. 4000 to 5000. Dr. Schram 
has settled for us its value at either end of that millennium. In K.Y. 4000 it was 2.179364 days, or 
2 d. 4 h. 18 m. 17.05 s., and in K.Y. 5000 it was 2.181213 days, or 2 d. 4 h. 20 m. 56.8 s. The total change 
during the thousand years in question was 2 m. 39.75 s. If we divide this thousand years into centuries, 
for convenience of calculation, we find that the centennial change amounts to + I5'975 s. I give below, 
therefore, a Table showing in col. 3 the exact value of the Siddhdnta Sirdmani ^Odhya in the years noted 
in cols. I and 2 ; and I have added in col. 4 the figures to be used when working by the longer, and in 
coL 5 the figures to be used when working by the shorter, rule. 
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Table showing the value or the Sodhya from K.Y. 4000-5000 by the Siddh&nta ^Irdmani for 

USE IN CALCULATING THE TIME OF MeSHA SAMKRANTI BY THAT AUTHORITY. 


In the year 
K.Y. 
expired. 

In 

A.D. 

£xact value of ^hya as 
fixed by Dr. Schram 
for the year entered 
in coL 1. 

- ■ 

Value of ^Ihya 
to be UHed in 
calculation by 
(i) the longer rule. 

Difference between 
Siddh, Sir6. and 
Arya SiddMnta 
value of the 
^Ihya. For use 
by (ii) the shorter 
rule. 

1 

2 



3 



4 


5 



d. 

h 

m. 

a. 

d. 

A. 


Minutes* 

4000 

800 

2 

4 

18 

17.05 

2 

4 

18 

46 

4100 

090 

2 

4 

18 

33.025 

2 

4 

19 

40 1 

4200 

1009 

2 

4 

18 

49 

2 

4 

19 

46 

4300 

noo 

2 

4 

19 

4.975 

2 

4 

10 

47 ' 

4400 

1209 

2 

4 

10 

20. os 

2 

4 

19 

47 i 

4500 

1309 

2 

4 

10 

36.025 

2 

4 

20 

47 

4600 

1400 

2 

4 

10 

52.0 

2 

4 

20 

47 

4700 1 

1500 

2 

4 

20 

8.876 

2 

4 

20 

48 

4800 ! 

1600 

2 

4 

20 

24.85 

2 

4 

20 

48 

4900 

1799 I 

2 

4 

20 

40.825 

2 

4 

21 1 

48 1 

5000 

1800 < 

2 

4 

20 

56.8 

2 

4 

i 

48 


62H. The cRlculstions for MeshR snmkrSnti are to be made exactly on the same principle as in 
the case of similar calculations for the Original SSrya and Brahma Siddhanlas, but using the above Table 
for Sodhya- values. The rules have been sufficiently explained, and need not be repeated. 

For an example I take the years A.D. 1150 (K.Y. 4251 expired) and 1250 (K.Y. 4351 expired). 

(i) The iuU working-rule. [It may be as well to state that the amounts of deduction made in 
the calculation below according to the Table in § i67A are obtained by adding together the figures 
given in that Table for millenniums, centuries, decades and odd years of the expired year of the Kaliyuga.] 



For A.D. 1150. 

For A.D. 

1230. 


d. 

h. 

m. 

d. 

h. 

m. 

Tme M.S. by the A.S. {Table I.) 

24 March 

12 

5 

25 March 

8 

55 

Add A,S. Sddhya (constant) 

+ 2 

3 

32 

+ a 

3 

33 

Mean M.S. by the ^.5 

26 March 

15 

37 

27 March 

12 

27 

Deduct (Table in § 167A) 

— I 

0 

. 4 ? 

— I 

I 

23 

Mean M.S. by Siddh* Sird 

25 March 

14 

49 

26 March 

II 

4 

Deduct Ssdhya by the Siddh. Sird, (Table in Text, col. 3) 

— 2 

4 


— 2 

4 


True M.S. by Siddh. Sird. 

23 March 

10 

30 

24 March 

6 

45 


(ii) The shorter rule. Work for the same years : — 

True M.S. by the A.S. {Table I.) 

Deduct respectively — 


24 March 12 


d. 

h. 

m. 

d. 

h. 

m.\ 



{Table in ^i6y a) . — i 

0 

48 

I 

1 

23 



{Table in § 62G, col. 5) — 


47 

— 


_47i 



Total . . — I 

I 

35 

I 

2 

10'—. I 1 35 

— I 

2 10 

True M.S. by Siddh. Sird. 

• 

• 

a • 

• 

.| 23 March 10 30 

24 March 

6 45 


25 March 


8 55 
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He thus learn that the nwwcnt of true Mesha samkranti as calculated by theSiddhdnfaSirdpnani occurred 
in A.D. 1150 on March 23rd at 10 lu 30 nr after mean suniise, differing by more than a day from the 
samcascakulatvd by theAryfa Siddhdnia) and that in A.D. 1250 it occurred by theSiddhdntaSirdmanion 
March 24th at 6 J1.45 m. after mean sunrise, with a similar difference between it and iheAryaSiddhdnta- 
[Unfortunately, I ha\*c no means at hand for checking and comparing these results both by the 
Brahma Siddhdnia and Siddhdnta Sir&mani, but they are decidedly suggestive ; for it would seem 
necessary, after obseivdng these results, that a number of records hitherto examined only by the Arya 
or Stirya Siddhdnias should again be subjected to scrutiny. The result would teach us till how late and 
in what parts of India the other authorities were used, and would form a most useful element in 
the discovery of medieval forgeries.] 

In all these cases there may be an error in the result of one minute, if we begin our calculations 
^ ^ by taking the time of true Mesha samkranti according to the Arya Siddhdnta from Table I. 

of the Indian Calendar , which does not take account of seconds. But if greater accuracy 
is desired, it can be obtained by applying the rule given in Hint ” No. 20 below. 


LUxNl-SOLAR RECKONING. 

63. Before proceeding to consider this subject a few notes may not be amiss. 

The meaning of our ws <?, 6, c and / is explained above in the Introduction. 

A true lunation is the time actually taken by the moon to move through one synodical revolution, 
new-moon to new-moon. Its length varies constantly from 30 d. i h. 15 m. to 29 d, 0 h. 40 m., in 
consequence of her orbit l)eing elliptical and because of the earth’s unequal velocity at different parts 
of its orbit round the sun. 

A mean lunation, or mean sjmodic lunar month, consists, according to modern science and the 
Sitrya Siddhdnia, of 29 d. 12 h. 44 m. 2.87 s. Authorities differ only in the fraction of the second. 

While the daily motion of the moon varies like that of the sun in consequence of her orbit being 
an ellipse, being more rapid when near perigee than when she is near apogee, so that during part of her 
revolution she is six or seven degrees behind, and in part six or seven degrees in advance of, her mean 
place, this retardation and acceleration does not, as in the case of the sun daring the 5000 j^ears of the 
Kali}'Uga, alwavs take place in the same region of the heavens ; since the line of the moon’s apsides 
makes a complete revolution once in a little less than nine yeais, while the movement of the sun’s line 
of apsides is exceedingly slow. 

A tithi is one-thirtieth of a synodic lunation, that is to say, it is the time occupied by the moon 
in increasing her distance from the sun in longitude by 12 degrees, the thirtieth part of the circle of 
360 degrees. 

A mean tithi is the exact one-thirtieth of a mean lunation, viz., 23 h. 37 m. 28.093 s. 

A true tithi is the time in true longitude, and varies in length from 21 h. 34 m. 24 s. to 26 h. 6 m. 24 s. 

Table I. of the Indian Calendar, cols. 21-25, gives, according to the Siddhantas generally, but 
more particularly according to the Shrya Siddhdnta, the elements of luni-solar reckoning for mean 
sunrise at Laiika (Ujjain) on the first civil day of each luni-solar year, i,c., of the sunrise next following 
the moment of the new-moon next after apparent M!na samkr9,nti. 

64. Amdnta and pttrnimdnia systems of lunar months. The amanta lunar month l)egins astronomi- 
cally at the moment of new-moon ; the purnimanta lunar month begins astronomically at the moment 
of the previous full-moon. In each case the first tithi of the lunar month begins at that moment ; and 
the civil day at whose sunrise this first tithi is current is the first civil day of the lunar month. 
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TAa beginning of iAe luni-solar year. 

65. Astronomically the Chaitradi Juni-soJar year-— the year, that is, which is held to begin with 
the beginning of the first tithi of the bright half of the amanta month Chaitra — has for its initial point 
the moment of the new-moon which comes next after the Mina samkranti, the last samkrSnti of the 
solar year. It is always the new-moon next before the Mesha samkranti except when Chaitra is an 
intercalary month. The time of the apparent sidereal Mesha samkranti for each year is given in 
Table I. of the Indian Calendar (cols, 13 to 17, and lya). For civil purposes the luni-solar year 
begins generally at sunrise of the day on winch the first tithi of Chaitra is current ; that is to say, at sunrise 
of the day next following the moment of the new-moon of Chaitra.* The a, b, c for this moment (taken 
as mean sunrise at Larika) are given in the same Table, cols. 19 to 25, with the lunation-parts and tithis 
expired since the moment of new-moon. Nothing more is required, therefore, for commencement of 
work by the sidereal apparent M^sha saihkr5nti. 

66. But since there is also a mean MMia samkrinti to be sometimes calculated, wliich is always 
later than the apparent Mesha sarhkranti by two days and some hours, as well as a tropical Mesha 
samkranti, it follow’s that in work under the mean system, or for the tropical year, the new-moon which 
marks the beginning of the luni-solar year may not always be the same. 

67. Take first the mean system. If a mean new-moon occurs between the moments of 
true and mean Mina samkranti, then the month called Chaitra under the mean system will be a month 
later than the month called Chaitra under the true system ; because it is the rule that the lunar year 
begins with the new’-moon next after the Mina samkranti, and in this case the mean new-moon which 
occurred next after mean Mina was a month later than the true new-moon next after true Mina 
samkranti. Therefore if we use the mean system, Chaitra is the month succeeding the month called 
Chaitra under the true system ; and under the mean system the previous luni-solar year may be a month 
longer than under the true system, in consequence of having an intercalary lunar month. In the Indian 
Calendar, Table I., all the intercalations of months, both true and mean, were carefully registered ; 
but we unfortunately omitted to frame a Table for, or enter in cols. 19 to 25, the necessary 
mean-system figures [d, w, a, b, c) for sunrise on the initial civil day of the years following those in 
which an intercalation of a lunar month has taken place under that system, but not under the true 
system. The figures in those columns for the third year remain unaltered, since in the second of those 
years there is always an intercalation of a month under the true system and none by the mean system, 
the civil beginning of the third year being thus the same under both. 

68. This omission I rectified two years after the publication of the Indian Calendar by the Table 
and note given at pp. 12, 13 of my “ Eclipses of the Moon in India,'* and I now^ reproduce the whole in 
Table XXIV. below, which contains the necessary mean-system figures for the years noted. Whenever 
therefore the mean system of intercalations is used the figures given for the years mentioned in those columns 
must be substituted for the figures in the corresponding columns of Table I. They cover the period 
from A.D. 300 to iioo. 

69. One example will suffice. Take the years A.D. 309, 310, 311. In A.D. 310 a true new- 
moon took place on February i6th, and another on March 17th. True Mina samkrSnti occurred by the 
Arya Siddhdnta on February 14th, and mean Mina on February 17th. The February new-moon (both 
true and mean) fell betw'een the two. Therefore by the true system the initial moon of the year was 
that of February i6th, and the luni-solar year began at sunrise on February 17th, as entered in Table I., 
col. 19. But by the mean system the initial new^-moon was that of March 17th, and the luni-solar year 

^ See the third paragraph of § 52, p. 31, Indian Calendar, and p. 55, note 2. 
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began at sunrise on March i8th, as entered in Table XXIV. The years A.D. 309-10, 310-11, 311-12, 
correspond to K.Y. 3411, 3412, 3413 current. A lunar month had to be intercalated by the mean 
system in K.Y. 3411,^ in which year there was no intercalation by the true system. In the year K.Y. 3412 
VaiiakhsL was intercalated under the true system (Table /., coL 8), while there was no intercalation under 
the mean system ; so that the beginning of the lani-soJar year K.Y. 3413 was the same (Table /., cols. 
19-25) under both systems. The beginnings of the years K.Y. 3411, 3413, therefore, are the same as 
given in Table I. for both systems, but while that Table for K.Y. 3412 stands if the *^true " system 
is used, Table XXIV. must be substituted for Table I. if the mean system is used.® 

70. Although, as I have stated, it is most improbable that Hindfl calculators ever used the 
tropical year for the purpose of preparing ordinary calendars, it is necessary to notice them because 
it is possible that occasionally (though no instance has as yet been discovered) the date of a record 
may have been associated with a tropical, and not with a sidereal samkranti. And for that reason 
attention must be called to the fact that whenever, subsequent to the year of coincidence (§ 34), a 
new-moon falls between the moments of the tropical and sidereal Mina samkrantis, the tropical luni-solar 
year will begin a lunar month earlier than the ordinary sidereal luni-solar year of our Tables, for reasons 
similar to those considered in §§ 66 to 69. There is no need to frame Tables for such years. It is only 
necessary to call attention to the fact. The point to be remembered is that, though the tithi uill, when 
worked according to rule, be correct by our Tables, the name of the month may be different ; the month 
to which the tithi belongs being, if tropical samkrantis were used, a month later or earlier than the month 
obtained from our Tables— later in years in which the tropical Mina samkranti is later than the sidereal 
Mina samkranti of the Tables, and earlier when it is earlier. 


The Ordinary Civil Beginning. 

71. So much being said by way of caution, I return to the ordinary civil beginning of the Chaitradi 
luni-solar year, or the year which astronomically begins with the new-inoon of amanta Chaitra. Mutatis 
mutandis, the same principles apply to years which begin with other months. (See § 52, p. 31 of the 
Indian Calendar.) 

72. 'fhe civil beginning of such a year is, in amanta reckoning, supposed to be, as already stated, 
at sunrise (probably taken as true sunrise in local almanacs, but by us as mean sunrise for preparation 
of general working Tables ; and this as representing for time-measurement 6 a.m. on the meridian of 
Laiika, alias of Ujjain, Greenwich east longitude 75® 46', — time-correction from Greenwich + 5 h. 3 m.) 
—at sunrise of the day on which the first tithi of the bright half of Chaitra, alias Chaitra ivkla pratipadS 
or Chaitra ^ukla 1st, is current at sunrise. And in columns 19, 20 of Table I. of the Indian Calendar 

^ Thii month by regular rule was Migha. 

^ The above is the easiest method of work, but if care be used in noting the correspondence of months the figures given 
in the Ind. Col. (cols. 19 to 25 of Table I.) may bo equally used under the mean system. Thus if we have to find, in a date 
of an inscription, the week-day and other i^articulars for a tithi in amanta Chaitra and in amanta Jyeshtha of K.Y. 3412 current, 
as calculated by the mean system, wt can either work as directed in the text, or we can make the months correspond with those 
found by the Indian Calendar ^ Table I. In the latter case all we have to do is to remember that the month called Chaitra,** 
K.Y. 3412 current, under the mean system, was, under the true system, called “ adbika Vaii^kha,*’ since Magha was intercalated 
in the previous year under the mean system and \"ai6akha was intercalated in K.Y. 3412 under the true system. “ Chaitra’* 
of the mean system was the second month, adhika Vaiiakha, of the true system. Similarly JySshtha ** of the mean system 
was the fourth month of the true system ; and, because of the inteioalation of Vai^kha under the true system, it was the same 
month, JySshtha, both in place and name as the Jyfishtha of the true system found from Table I., cols. 19 to 25, of the Ind. 
Col. Working therefore as in the text by Table XXIV., by the mean system, the months to be calculated are Chaitra (1st) 
and JyCshtha (3rd) ; but equally correctly the same months can be calculated by the true ” system, using Table I. as it stands, 
but working for adhika VaUfikha (2nd month) and Jyfish^a (4th). 
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we gave the day of the month A.D. and the week-day on which tliat first tilhi— -taken as an apparent 
or true, not mean, tithi— ended in each year. Cols. 21, 22 show how many lunation-parts of that tithi, 
our t, had expired at mean sunrise, or by how manj^ of those lunation-parts earlier than mean sunrise 
on that day the actual moment of new-moon had occurred ; and how much of the first tithi of Chajtra 
had expired at that mean sunrise. Cols. 23, 24, 25 give the a, b, c for the same moment 1 $$ 19, 20 
above), i.e., for mean sunrise on that civil day. We can therefore start all calculations connected with 
lunar months from that point. Every successive lunar month begins civilly on the day on which the 
1st Sukla tithi of the lunar month is current at sunrise. 

73. If it is desired to find the actual moment of the Chaitra new-moon we calculate thus— (col. 21 
gives the f elapsed, and the mean-time equivalent will be found in Table X. under the head “ Titlii- 
index, i.") Take, for instance, the year K.Y. 4648 expired, A.D. 1547. At mean sunrise, or 6 a.m., on 
Tuesday, March 22nd, as we find from Table I., col. ar, 183 lunation-parts had elapsed. From Table X. 
we have 183 = 7 h. 5 m. -f 5 h. 53 m., or new-moon occurred 12 h. 58 m. earlier, or at 5.2 p.m. on 
Monday, March 21st. This is a close approximation. Absolute accuracy can only be obtained by the 
full work shown in Examples 20, 21, pp. 91, 93 below. 

74. The complete method of work is detailed in § 139, pp. 77-83, of the Indian Calendar. 


A manta and purnimdnta systems. 

75. By the amanta system the lunar month ends with the moment of new-moon ; by the purni- 
manta it ends with the moment of full-moon. Calculation for the time of these moments is unaffected by 
difference of systems; the difference being solely in the nomenclature of the fortnights. Thus the 
second or dark half, beginning with the moment of full-moon, of amanta Fhalguna does not, in the 
pQrnimanta system belong to Fhalguna but to Chaitra ; but the first or bright half which follows 
belongs under both systems to Chaitra. The tithis of the same dark half aie tithis of Fhalguna in 
the amanta system and of Chaitra in the pflrnimanta system ; and the tithis of the following bright half 
are tithis of Chaitra by both systems. 

76. In working therefore for a bright half, or iukla, tithi, we know that the month to which 
it belongs bears the same name all over India ; but in working for a dark half, or krishna, tithi, we must 
bear in mind that in different parts of India it is considered as belonging to different months ; so that 
if we make a mistake about this we may be a whole month wrong in the end. (See Ind. Cal., § 13, p. 4 ; 
and, for the effect of the different systems on the naming the fortnights of intercalated months, § 43, 
Table, p. 26, and § 51, p. 30 ; also Table II., Part r.) 


Computation by true lunar months and tithis. 

77. Full details for work are given in the Indian Calendar, § 139, pp. 77-83, and it would l)e 
useless to repeat them here ; but it will be well that the system should be explained, 

78. It is impossible to frame workable Tables showing the e.\act lengths of true lunar months 
and tithis, because the length of each of these is perpetually clianging. The moon’s line of apsides makes 
a complete revolution every nine years, and in consequence her velocity in different years at the same 
sidereal point alters rapidly. The time-length of her synodical revolution also changes perpetually in 
consequence of the daily change in the velocity of the earth at different points of its orbit. And, in 
addition, her daily motion varies because her own orbit is elliptical. Our system, therefore, which 
follows that of Professor Jacobi in Vol. XVII. of the Indian Antiquary, is, as has already been explained, 
to obtain the true state of the moon at any moment by adding to our a (the mean' longitudinal distance 
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of the moon from the sun) for that moment the equations, also for that moment, of the mean anomaly 
of the moon, b, and of the sun, c. This yields us the “ true ” position required. 

79. To find the true tithi, therefore, for any moment we take down the a, b, c {cols. 19-21) at 
mean sunrise on the first civil day of the luni-solar year as given in Table I. ; and we add to these the 
values of a, b, c for the interval of days, hours and minutes to the given moment {Tables IV. and V.). We 
add to the a of the quotient the amounts of equation b and equation c {Tables VI. and VII.), and thus 
arrive at t, or the tithi-index which {Table VIII.) gives us the apparent position of the moon at the given 
moment. Taking the figures in col. 3 of Table VIII. for the beginning and ending of the thus-found 
current tithi, and applying to them the value of the t we have obtained, we have the interval in terms 
of t lietween the given moment and the beginning and ending of the tithi. We turn this into mean time 
by Table X. This results in a first approximation. If we desire greater exactness we add or subtract, 
as the case may be (using Tables IV., V.), the a, b, c for the interval of time last found to or from the 
a, b, c already found for the given moment, and by again applying to the resulting a the equations of 
the resulting b and c we find the final i, which gives us the true tithi-index of the given moment. After 
one or two such operations we obtain in mean time (using Table X.) a result absolutely accurate so far 
as the system permits. 


How to find the a, b, c for the first civil day of a year earlier than one in the period 
embraced by Table I. of the " Indian Calendar." 

80. It is clear from what has been said that if we have given us, or capable of being found, the 
a, b, c of the starting-point, viz., at mean sunrise on the first civil day of the lunar year, all the rest is 
easy. Now Table I. (cols. 19-25) supplies this information for every year from A.D. 300 to 1900, but 
it does not contain the information for any earlier year, and we have to learn how this can be found. 

81. It must first be observed, incidentally, that for many, especially the earlier, inscription- 
dates we have no certain knowledge of the authority by which they were calculated, and cannot therefore 
depend for practical work on any Tables yet published. The bulk of the present volume is concerned 
with the Arya and Surya Siddhdntas, and the former did not come into use till after A.D. 500. Prior 
to that some other authority, possibly the Original Surya Siddhdnta or another, was used for the prepara- 
tion of almanacs. It may be possible hereafter to prepare Tables for these authorities, but at present 
all that we can do is to use the First Arya Siddhdnta as our authority, and ascertain the moon’s position 
as it would have been determined had that authority been the basis of calculation. 

82. The following process will enable the a, b, c of mean sunrise on the first civil day of a luni-solar 
year earlier than A.D. 300 to be found, according to the Arya Siddhdnta, from the Indian Calendar 
Tables and those in the present paper. When these values for a, b, c have been ascertained the rest of 
the work will proceed according to regular rule, the figures standing as if they belonged to cols. 19 to 25 
of Table I. 

83. We assume that the luni-solar year began astronomically with the new-moon next after 
the moment of the sidereal Mina samkranti, and that the first civil day of that year is the day on which 
the first tithi of the bright fortnight following that new-moon is current at sunrise. Having ascertained 
the facts on that theory it is easy to arrive at the correct result should the month have to be altered 
owing to the pGrnimInta system of fortnights having been in use, or should the number of the year 
have to be altered because the solar year was taken to begin with any solar samkranti other than that 
of Mesha. 

We must therefore first find the moment of Mesha sanikrSnti for the given year. Let us take 
the year 155-4 K.Y. 2947 expired, as our example. {For rule of work, see §§ 48-51 above.) 
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577 — 155 = A.D. 422. Since therefore we know from Table I., cols. 13 to 17, that the Mesha 
samkranti of A.D. 422, K.Y. 3523 expired, occurred on March i8th (Saturday), at 4 h. 25 m. Lartka 
time, we also know that the moment of Mesha samkranti of our given year (K.Y. 2947 expired) occurred 
on Tuesday, March 13th, 155 B.C., at 4 h. 25 m. Lanka time. 

Professor Jacobi {Ind. Ant, XVII., pp. 159, 160) has given the value of a, h, c for a difference 
of 5000 years, 1000 years, and 100 years. We tal^e the looo-year difference and woric from a base 
already given us in Table 1 . of the Indian Calendar. The difference is « = 4687.4, b = 500, c == 24.1. 
The thousandth year from K.Y. 2947 expired is K.Y. 3947 expired. For this year Table I. (cols. 19 
to 25) gives us the starting point. 



a. 

b. 

c. 

Mean sunrise of March 2nd, A.D. 846 (K.Y. 3947) 

. 9961 

163 

225 

Interval of 1000 years 

• 4687 

500 

24 

Mean sunrise of March 2nd, 155 B.C. (K.Y. 2947) 

. . 4648 

662 

249 

{Table VI.) Equation h , 

. , 21 



{Table VI I.) Equation c , 

. . 0 




t = 4669 

By Table VIII., col. 3, we find that the 15th Sukla tithi wa.s then current. We want the moment 
of the preceding new-moon ; since a little calculation shows that at the Mesha samkrSnti of K.Y. 2947, 
which occurred eleven da3's later, the moon must be waning. * New-moon occurred about 15 days earlier. 
Find a, h, c for sunrise 13 days earlier. 



a. 

h. 

c. 

Mean sunrise on March 2nd 

4648 

662 

249 

Interval of 15 days (Table IV.) 

—5079 — 

544 

—41 

Mean sunrise on February 15th 

Equation b . 
Equation c . 

9569 

235 

2 

t = 9806 

118 

208 


10,000 — 9806 — 194 =, by Table X., 7 h. 5 m. -f- 6 h. 40 m. = 13 h. 45 m., and we therefore 
know that, on a first approximation, new-moon occurred on February 15th, 155 B.C., K.Y. 2947 expired, 
at 13 h. 45 m. after mean sunrise. Hence the first civil day of the luni-solar year was February i6th. 


and for its ft, c, at mean sunrise we add the 

value of 

ft, c, for one day to the value obtained for 

mean sunrise of Febiuary 15th. 




ft. 




a. 

C. 




9569 

II8 

208 

For I day (Table IV,) 

. 

t • « 

339 

36 

3 




9908 

154 

2 II 

' The actual interval was 11 d. 4 h. 26 m. 


a. 

h. 

c. 


Mean sunrise of March 2nd 

. , 

4648 

662 

249 


11 days (ToWe IV,) 

• 

, +3726 

399 

30 


4 hours (TdbiU V,) , , , 

. 

. + 66 

6 

0 


25 minutes (TabU V,) 

. . 

. + 6 

1 

0 



8436 

68 

279 



Equation h , 

198 





Equation c . 

. 1 






8634 

•0 (TMt VI 11.) nth krishna. 


The moon was waning at MSsha oamkranti. The figure 279 for c provea that the date ooincided with Hfiaha samkranti. 
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and number to the second civil day. In other words, it is repeated. But the tithi itself, as a tithi, runs 
its natural course, and is not repeated. Similarly if a tithi, in consequence of its length being less than 
the interval between two sunrises and its commencement occurring very shortly after the first sunrise, is 
not current at either sunrise, but falls altogether between two successive sunrises ; then, since the first of 
the two civil days concerned bears the name and number of the next preceding tithi and the second of 
the two bears the name and number of the next following tithi, the tithi in question confers its name 
and number on no civil day. In other words it is expunged from the point of view of civil da>'s. But 
the tithi itself runs its natural course and is not expunged. 

88. The repetition and expunction of tithis then does not affect the tithis themselves, but refers 
to the tithi-number and name conferred on the civil day with which it is connected. 

89. Consequently karanas, which are half-tithis, follow one another always in regular order, 
and since the tithi itself is never repeated or expunged there is no repetition or expunction of karanas. 


Computation by mean lunar months and tithis. 

90. A true s>Tiodical new-moon takes place when, with reference to her and the sun’s true position, 
i.e.. taking into account the lunar and solar equations (equation b and equation c), the centres of the 
moon and sun are in the same plane with the earth. If the three are in the same straight line a total 
eclipse of the sun takes place. A mean sjmodical new-moon occurs when, without any reference to the 
moon's or the sun’s true position, i.e., leaving out of account the lunar and solar equations, the distance 
of the moon from the sun in mean longitude is nil. A mean synodical lunar month measures 29 d. i2 h. 44 m. 
A true synodical lunar month varies in length from 29 d. 7 h. 20 m. to 29 d. 19 h. 30 m. There is 
therefore very often a considerable difference between the moments of true new-moon and mean new-moon. 
A mean tithi is one-thirtieth of a mean lunation, or 23 h. 37 m. 28.093 s. In calculating with our Tables 
by mean lunar months and tithis we find the position of the mean moon from our a alone, which, 
when increased by the constant 201 as explained above (§ 20), gives us the distance of the moon from 
the sun in mean longitude ; and this is all that we have to consider in such computations. Table I., 
cols. 19, 20, 23, and Table XXI. enable this to be done. 

91. I assume that calculation by mean lunar months and tithis had fur its starting point the 
moment of that merm new'-moon which marked the astronomical beginning of the luni-solar year, just 
as in calculation by true lunar months and tithis the moment of true new-moon is the starting point. 
An example from an actual inscription-date will best illustrate the method of w'ork. We are given as 
date Sunday, the ist .^ukla tithi of Pausha in K.Y. 4090 expired, A.D. 989-90. 

92. Turning to Table I., cols. 19, 20, 23, we find that at mean sunrise on the first civil day of 
Chaitra in that year, viz., on March nth, A.D. 989, the 70th day and a Monday, a = 93, or 93 lunation- 
parts had elapsed since new-moon. Add the constant 201. Then the actual a = 294. This, in mean time, 
is (Table X.) 14 h. 10 m. -f 6 h. 40 m., total 20 h. 50 m. Approximately therefore mean new-moon took 
place 20 h. 50 m. before mean sunrise on March nth, or on (i) Sunday, March loth, the 69th day, at 
3 h. 10 m. Lanka time. Interval to mean new-moon of Pausha, which is the beginning-point of the 
given tithi (Table XXI.) = 265 d. 18 h. 36 m., with 6 week-days. 

d. w. h. m. 

69 (i) 3 10 

265 (6) 18 36 

334 (0) 21 46 

334 = (Table IX.), November 30th. (0) = Saturday. The mean new-moon of Pausha occurred at 
21 h. 46 m. after mean sunrise of Saturday, November 30th, A.D. 989, or 2 h. 14 m. before sunrise of 



LUNAR RECKONING— COMPUTATION BY THE “ MEAN ” SYSTEM. 


37 

Sunday, December ist, on which day at sunrise the ist Sukla titlii was current. Tlie inscription 

therefore may be considered as correct when computed by mean lunar months. 

Another, and perhaps easier, way of work for mean lunar months is, after finding tlic a of mean 

sunrise on Chaitra Sukla ist of the year in question, with its d and re, to add from Table IV. the d, ic, 

and a of the days intervening to mean sunrise on the given day, and thus to find the a of the latter. 

Thus, in the instance just considered, we had, for mean sunrise on Chaitra sukla ist, a — 294. The 

interval to mean sunrise of Pausha Sukla ist is 365 days. , 

^ d. re. a. 

For Chaitra Suk. 1 (70) 2 294 

For 265 days {Table IV.) (265) 6 9737 

(335) i 31 

(335) => t>y Table IX., December ist. i — Sunday. 31 — , by Table X., 2 li. 12 m. And this shows 
that the mean new-moon of Pausha occurred 2 h. 12 m. before mean sunrise on Sunday, December ist, 
A.D. 989. The difference between the two methods is only 2 m. ; the former method being the more 
accurate of the two. 

93. Calculation by true lunar months and tithis was made for this date by the late Professor 
Kielhorn {Epig. Ind. IX., 207, No. 137), and he informs us that the true ist iukla tithi of Pausha began, 
i.e., true new-moon occurred, at 5 h. 6 m. after mean sunrise on Sunday, December 1st. Tf so it would 
appear that very probably calculation had been made by mean lunai months, since, in that case, 
Sunday, December 1st, would ha^'e been rightly coupled with the first iukla tithi. The tithi current 
according to calculation by true months at sunrise on that day was the last tithi of the previous month 
Marga^irsha, and in ordinary circumstances thai tithi would have been coupled with the Sunday. 


Intercalations and suppressions of lunar months. — True and mean systems. 

93. {See Indian Calendar, §§ 45, 46, pp. 25 to 27.) The length of a true solar month varies from, 
by the Slirya Siddhdnta, 29 d. 7 h. 38 m. to 31 d. 15 h. 28 m., and by the Arya Siddhdnta from 
29 d. 8 h. 25 m. to 31 d. 14 h. 34 m. The length of the true synodic lunar month, new-moon to new-moon, 
varies from 29 d. 7 h. 20 m. to 29 d. 19 h. 30 m. Consequently it happens, roughly about once in every 
two or three years, that during a whole lunar month there is no sarhkranti, and more rarely a lunar month 
in which there are two samkrantis. Since ordinarily each of the twelve lunar months ends after each 
of the solar saihkrSntis, a lunar month in which there is no sariderfinti has to be repeated, or intercalated, 
and then, the second of these months ending after its proper sariikranti, the lotation of months continues 
as before. The first of the pair of months is called adhika (“ added ”) and the second nifa (or " true ”). 
When there are two sarhkrantis in the lunar month the name of a lunar month is suppressed, because 
from the point of view of the rotation of months it is superfluous ; since the new-moon at the end of 
that month ends next after two samkrantis instead of after only one. It is in this sense that there 
is said to be a “ suppressed month,” i.e., the name of one month is omitted. Such a suppressed month is 
called a kshaya masa. 

96. As to the naming of adhika and kshaya months there is a divergence in practice on which 
it is not necessary here to enter. I confine myself to the ordinary nomenclature, which calls the first 
(added) month adhika, ” added,” or prathama (“ first ”), and the second nifa, “ true,” or dvitlya 
(“ second ”). And I shall not deal with the different ways of naming pQrnimanta months. The system 
of work for calculating these is always the same ; the only difference being in the names. But in 
examining dates these different practices must always be borne in mind lest a genuine date should be 
unjustly condemned because the name of the given month differs from that found by the ordinary 
system. A full discussion of the matter will be found in the Indian Calendar (pp. sssY). 
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97. Intercalations and suppressions have since, it is believed, about A.D. 1100, been always 
regulated bj* the sun’s and moon’s true motions. Prior to the 10th century A.D. it is probable 
that the calculation was generally by mean motions. In the V Sddhga Jydtisha (about 1400 B.C.) no account 
is taken of the true motions of the sun and moon. Mean intercalations seem not to have been known 
in the time of BhaskarScharya (A.D. 1150). But in some parts of India at least the true or “ apparent ” 
system was used as early as the beginning of the loth century A.D. [Above, § 32.) The systems arc known 
as the “ ti-ue system ” and the “ mean sy.‘itcm.” For purposes of our calculations it is necessaiy , when 
working by the true system, to add to a the equations of b and c, the result, t, showing the moon’s age 
at the moment of the samkranti ; but in the mean system no account is taken of b and c, the a alone, 
when increased by 201 (§§ 20, 21), showing the correct age of the moon at the samkranti. When 
we find the moon’s age at the samkranti near to but less than 10,000 (the moment of ne^^'-moon) we 
know that the moment of new-moon was after the samkranti (e.g., the unit of i being 4.25 m., i — 9996 
at the samkranti shows that the moment of new-moon was (f = 4 — ) 17 m. after the samkranti) ; and 
u hen we find the moon’s age at the samkranti to be near to but greater than 0 (the moment of new-moon) 
we knnv; tiidt ncw-moon took place before the samkranti (e.g., f = 4 shows that the new-moon took place 
17 m. before the samkranti). Consequently when, working the i for two consecutive samkrtotis, we 
find / approaching 10,000 at the first, and only slightly exceeding 0 at the last, we know that no 
samkranti occurred in that lunar month which lay between the two, and therefore that that lunar month 
was intercalated [adhika), 

98. And similarly when we find t near to but greater than 0 at one samkranti, and near to but 
less than 10,000 at the next, wt know that two sariikrantis occurred dui'ing the lunar month, and therefore 
that it is supj)ressed [kshnya], [Sec especially § 50, pp. 29, 30, Ind. Cal, and '' Minis, Nos, 8, 9, 
12-14, 18 belott.) 'I he same is of course the case with the figures for a in calculations by the mean .system. 

99. Tables XV 4 II.A and XVIII.B are for work by the true system, and show the collective duration 
and the increase of a, h, c from Mesha sarhkranti* for each of the sidereal .samkrantis, as well as the 
individual lengths of solar months between samkrantis, by the AryaSiddhdnta and Suyya Siddhdnia respec- 
tively ; Table XVII I. C gives the figures to be used when converting a result by one into a result by the 
other of the two SiddhUntas. And Tables XIX.A and XIX.B are for work by the mean system similarly. 
There is no appreciable difference between these last two. 

100. In practical work values of vipalas and seconds may be ignored, fractions over half being 
taken as one pala or one second respectively. [See also “ Hint ” No. 20 below.) 

101. The general principles governing mean intercalations are similar to those for true or apparent 
intercalary months ; but mean samkrantis have to be calculated from the moment of mean, not true, 
Mesha .samkranti (for the method of finding the moment of mean MSsha samkranti, see “ Correction 
III.” § 57 above) ; and we have to work by mean, not true, length of solar months. Tlxis done, the 
moon’s place is found in the usual way, the a -b 201 alone being taken into consideration ; in other 
words, we deal with the moon’s mean longitude alone, without reference to the mean anomalies of 
moon (6) and sun [c). For actual practice, see Examples 36 to 39 below. 

102. A lunar month is, as above stated, suppressed whenever two samkrantis occur in it. This 
requires the combination of a long lunar month with a short solar one. The short solar months are 
between the VnSchika and Mina samkrantis [see Tables XVIILA or XVIII.B, cols. 6 ory), and these are 
connected with [col. i) the lunar months Margaiilrsha, Pausha, Magha and Phaiguna. The first two of 
these are the months most commonly suppressed. (See Examples 29, 32 below.) 

^ ]t makes no difference whether we begin calculation for intercalation and Buppreasion of the lunar months at true 
Mtna lamkrinti and thence find the moment of the following new-moon, or at true MSsha ■aoUu'anti and thence find the 
moment of the preceding nciv-moon ; except in years in which the first month, Chaitra, is itself intercalary. I recommend 
beginning u ith Mesha samkranti because the day and hour of its occurrence are given in Tables I. and XXXV11I.A and B ; 
and this forms a convenient starting-point. 
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103. Note that whenever a number of separately stated values for increase of a, b, c have to be 
added together there is always a danger of slight error in the total, because, fractions below half being 
omitted, each separate increase may be a fraction too high or too low. But as a general rule 
N,B. one error rectifies another. In the case of mean intercalations six separately stated values 
of a, b, c have to be added together, and the possibility of error should be remembered 
when the resulting totals are very near 10,000 or 0 respectively. For these reasons I find that my results 
for mean intercalations often differ by one or two units from those obtained by Sh. B. Dikshit.' He wrote 
to me at the end of 1893 that he had invented a method by which the working was ver}^ easy (it was 
probably the same, or nearly the same, as Prof. Jacobi’s in Epig. Ind. 418, § 35), the figures being 
obtained direct in tithis and decimals, and converted into the tithi-index (/) by division by 30. I cannot 
say which method is least liable to error ; possibly his, but 1 have tested a number of cases and find the 
difference between us very slight, so that my system may, I am satisfied, be depended upon as sufficiently 
accurate for all practical purposes. Close cases must always be carefully examined by Prof. Jacobi’s 
“ Special Tables.” 

Conversion of results obtained by the Arya Siddhanta into results by the Siirya SiddhUnta, 

attd vice versa. 

104. In this publication I am dealing principally with the First Arya and Present Surya 
Siddhanta. It would be impossible to give rules for the conversion of results by one authority into 

the same by another according to the “ true ” system, unless we knew the 
A. The true or exact lengths of true or apparent months as fixed by each ; and this we do 

apparent system. know for the two Siddhantas mentioned, but not, I believe, for any other. 

Results by the mean system could, however, be easily converted, each mean 
month being exactly one-twelfth of the fixed year-length in each case. Amongst the Tables below will be 
found a list of these year-lengths, so far as I have been able to gather them. {Table XXXVII., col. 3.) 

105. The causes of difference between results arrived at by using the First Arya or the Present 
Siirya Siddhanta respectively are, so far as the ” true ” system is concerned in which calculations are 
made by the true or apparent motions of the sun and moon, (i) the different lengths of the sidereal year 
(" Correction § 46 above), and (2) the different lengths of the true solar months as fixed by each 
(" Correction II.” § 55). The figures to be applied are given in Tables XVll. and XVIll.C. 

106. It will however be noticed that, whereas these correction-Tables can always be applied 
direct when a result for which conversion is desired stands expressed in time or in terms of a, b, c, this 
is not quite the case when we wish to convert a result expressed in terms of t, as in cols. 9 and ii of 
Table I. where the times of true sarhkrantis are given according to the Siirya Siddhanta. For such cases 
we still use Table XVIll.C, and apply to the given t the value of a contained in it, ignoring the values 
of b and c ; but the result is only approximate. The reason for this is as follows. 

107. In every calculation on the a, b, c system the desired result t is obtained by adding to the 
given a, not the given b and the given c, but the equation of b and the equation of c. Now in Table XVII., 
for Correction I., the highest value of b, even for a year removed 1400 years from the base-year, is only 
4 ; and c never suffers any change. In Table XVIll.C, for Correction II., the value of c again suffers 
no change ; and therefore both under Tables XVII. and XVIll.C, if preferred, c and its equation may 
be altogether ignored. As regards b in Table XVIll.C the greatest difference is 3, for the Karka, Simha, 
and KanyS samkrantis. It is 2 for the TulS saihkranti, z for five others, and 0 for three. Taking the 
greatest difference, 3, and turning to Table VI., Ind. Cal., it will be observed that equation b (which 
alone affects the ultimate result) for the value 6 = 3, though it may be itself 3 in certain positions of 

' The flgURM given in coli. 9a to 18a ol Teble I. in the /mtisn Oaleudar aw tboM Axed by Mr. 8h. B. Dikehit. 
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* the moon, as when the moon’s mean anomaly b stands between 0 and 45 > ^ 455 and 5 S 5 » 
would only amount to 2 in certain other positions, or to i in others. These values of equntioii i wety 
be additive or subtractive according as the equation was increasing or decreasing at the time. It would 
be easy for anyone to reduce these possible changes in t under the two corrections to a Table, but perhaps 
it is safer at present to deal with the greatest possible differences that can exist, and to say that it is 
possible, for the period embraced by our Tables, for the change in equation 6, at certain samkrtatis and 
in certain positions of the moon, to amount to + 3 or — 3, in Table XVIILC, Total difference 6. 

108. With this reservation we convert the given i from one SiddhSnta to the other by applying 
to it the values of a given in Tables XVII. and XVIILC, and we remember that under Correction II. 
(Table XVIILC) it is possible that the result may be wrong by (t =) 6, or 4, or 2, according to the 
saihkranti concerned and the condition of the moon (6 = 26 m., 4 = 17 m., 2 == 9 m.) ; while under 
Correction I. (Table XVIL) we may be wrong by (t =) i, 2, 3 or 4, according to the interval between 
the base-year A.D. 496 and the given year, the amount of our error increasing with the amount of 
interval. 

109. If, of course, we have the a, b, c of the result to be converted, and not, as thus presumed, 
the / only, we get absolutely correct results under the true system, by applying to that a, h, c the 
a, b, c of the two necessary corrections (XVIL and XVIILC). 

no. As an example I have u orked out the details for the true intercalation of Bhadrapada in 
K.Y. 4343 expired, A.D. 1242-3. The two samkrantis concerned were Simha and Kanya. By the 
Arya Siddhdnta for the Simha sahikranti of that year the resulting figures were a = gyoi, b = 737, 
c s= 622, and for the Kany& samkranti a 211, b — 863, e — 707. The conversion figures for Simha 
(Tables XVIL and XVIILC) are respectively (+) a — ig, b ^ 3, c = 0, and (+) a === 25, b 3, c == 0 ; 
and for Kanya are (+) = 19, = 3, — 0, and (+) a ^ 20, b = 3, c =: Q. This gives us result 

by the Surya Siddhdnta for the Simha samkranti a = 9745 » b = 743, c = 622, which result gives 
i = 9848 ; and for the Kanya samkranti a = 230, b =- 869, c — 707, which result gives t = 406. These 
last are the exact figures as printed in Table L, p. lx. 

Now by the Arya Siddhdnta the t for Simha was 9804 and the t for KanyS was 364. If, therefore, 
we convert these to Surya Siddhdnta results by only adding, as suggested above, the a of 
Correction 1 . (Table XVIL) and the a of Correction IL (Table XVIII.C), and ignore the b and c, we 
have to add respectively (a =) 44 and (a =) 39, and we have for Surya Siddhdnta results (/ =) 9848 and 
403 for the two samkrantis. The former was coirect, but there is an error of (/ =) 3 in the latter. 

Still, as stated, the error is limited, and unless the moment of new moon happens to be very close 
to the moment of the samkranti we may be satisfied that the same lunar month was intercalated or sup- 
pressed by both the Siddhantas concerned. (See? Examples 33 to 35 below) 

III. In the case of mean intercalations and suppressions the conversion of results by one into 
results by the other of the two SiddhSntas is extremely easy. A full explanation was given above under 
the head Correction III.,” and it need not be repeated. It will be sufficient 
B. The mean system. here to say that in calculations for mean months a result obtained according 
to one authority is converted to a result according to the other by using 
Corrections 1 . and III., as given in Tables XVIL and XIX.A or XIX.B. (See Examples 40, 41, below) 


NAKSHATRAS, Y6GAS AND KARANAS. 

112. For an explanation of these see the Indian Calendar, §§ 8, 9, 10, p. 3 ; §§ 38-40, pp. 21-23 
\ 43 » 44 > PP* 24, 25 ; §§ 131-133, pp. 64, 65 ; and for method of calculation §§ 153-159, pp. 96-98. 
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113. The constant md regular motion of the moon along a path in the heavens among the fixed 
stars once in every month was a phenomenon that forced itself on the notice of Hindu observers from 

the earliest ages ; and they divided the belt through which she passed into twenty-seven 
Nakshairas. parts called “ nakshatras,” which corresponded roughly to the twenty-seven and one-third 
days of her sidereal revolution. These were named after the principal stars or groups 
of stars lying along, or near to, that belt. But the distance of these groups from one another was seen 
to be unequal, and different systems were adopted for dividing the 360"^ of the circle. By the system 
of Garga, fifteen of the nakshatras arc of equal length, \'iz. 13° 20', six measure one and a half 
of this lengtli, viz, 20®, and six measure half a length, or 6® 40'. Another di\ 4 sion was adopted 
by Brahmagupta in his Brahma Siddhdnia (composed in the year A.D. 628). He maintained the 
unequal division of the belt, but grounded his measurement on the 13® 10' 35'' of the moon’s daily mean 
motion instead of 13® 20', allotting to fifteen nakshatras 13® 10' 35'' each, to six 19° 45' 52J'' each, or 
ij times, and to six 6® 35' jyY or one-half. Twenty-seven of these amounting to 355® 45' 45'^, 
tire remainder 4® 14' 15^ is allotted to a twenty-eighth nakshatra called “ Abhijit.” One of these 
systems was certainly in use as late as A.D. 862, as is proved by the Deogadh inscription of Bhojadeva 
of Kanauj {Fleet and Sh. B. Dikshitt Ind, Ant, XVII, t 4, 23, 24 ; Kielhorny ibid., XIX., p. 28, No. 30), 
but how much later and in what tracts is not yet known. The third system of division is called th<i 
** equal-space ” division, according to which the whole belt of 360® is divided into twenty-seven equal 
parts, each measuring 13® 20'. This system sometimes, but not always, recognises the existence of the 
nakshatra Abhijit, but in doing so includes it as contained in parts of the nakshatras Uttara Ashadiia 
and Sravana.^ 

114. The first nakshatra of the cycle, A^vinf, begins at tJie first point of the sidereal sign Mesha."' 
It ends, and the second begins, by the equal-space system and that of Garga, at 13® 20', and by the 
Brahma Siddhdnia at 13® 10' 35^ ; the rest in succession. The sun, the moon and the earth’s meridian 
traverse the whole round of nakshatras, the first annually, the second monthly, the third daily ; and 
this gives rise to a number of different chronometric calculations for calendrical and astrological purposes. 
Thus the sun's position in a nakshatra is often calculated, as well as his ])osition in a zodiacal sign ; the 
nakshatra in which the moon stands at sunrise of each day is one of the most imix)rtant elements in the 
Southern calendar, and has been noted and calculated from very ancient times ; and, since the earth's 
rotation brings a meridian round to every point of the heavens, roughly, once in each day,’’ the time of 
day when each sign or nakshatra rises on the eastern horizon is calculated. At this moment of rising 
the particular point of the ecliptic is said to be lagna, intersecting,” ” in contact with ” the horizon.* 

115. Tlie nakshatras were used for purposes of dates certainly as early as the 4th century A.D. 
The Singhalese chronicle, the Dipavamsa, which came to an end about the middle of that century, 
mentions the nakshatra current at the time of the first anointment of King Devanampiya lissa. It 
describes the event as taking place ” in the season Hemanta in the second month when the moon was 
in the Ashadha nakshatra.” (/. R. A. 5 ., Jan, 1909, p, ii, n. 2.) But as yet it is impossible to fix 
any date as that when the use of nakshatras began to be adopted in India for ordinary calendrical purposes, 
For astrological purposes they were known in late Vedic times. The Kauiika Sutra of the Atharva 

* I am not sufficiently learned to pronounce any opinion m to which of these throe systems was the earliest and which 
latest. Dr. Fleet (hid. Ant,, XXXIX., 1910, p. 255) believes that the equal-space system v as the oldest, since it is used in the 
Vm 'nga JyOtieha, the earlieat known Hindfl astronomical work ; then that of Garga ; lastly that of Brahmagupta (A.D. 628-29). 

® This point is sometimes called the ** first point of M€sha ” and sometimes the *' first point of A^vinl.** 

* once in every sidereal day, which is four minutes less than a civil day. 

* The ecliptic-point becomes hdhitijc-logna when it touches the eastern horizon, and inadJi,ya4agna when it touches the 
meridian. ^J’ho former is most commonly used. Each point on the ecliptic belongs to one of the signs and one of the uak.shatras, 
and therefore at every moment of every day some sign or some nakshatra is 
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Veda contains a N akshatra-kalpa and a Sdnii-kalpa, both treating of the lunar mansions. (. 4 . Weber. 
Hist, of Indian Liter. 1878, pp. 152-3.) They do not seem to have been in universal use for recording 
dates in all parts of India. Only one among the known inscriptions of the Gupta series, viz. that of 
Manadeva of A.D. 705 mentions a nakshatra ; and the majority of early dates found in the tracts where 
the lunar calendar was generally in use omit mention of them. But they are often stated and were 
regularly used in South India, from at least as early as the 10th century A.D., where they form one 
of the mo.st important elements of the date, each day being named after the nakshatra current at sunrise. 
Mr. Sli. B. Dikshit believed that the nakshatras were, as early as 2000 B.C.,^ so well known that the names 
of the lunar months now in current use were, about that period, derived from them. 

1 16. This derivation is indisputable. The ancient names of the lunar months were connected 
with the seasons, such as “ hot,” “ rainy,” ” vapoury,” and so on (which implies that the reckoning 
was luni-solar and not purely lunar).- Afterwards the full-moon tithi {pur^irnd) on which the moon 
became full when near the nakshatra Chitra was called Chaitrl^ and the lunar month which contained 
the Chaitrl purnimd was called Chaiira ; and so on. (Ind. Cal.^ §§ 41-44, pp. 24, 25, and Table.) 

117. The sun’s position with reference to the nakshatras is occasionally mentioned in inscriptions, 
though this could of course only be a matter of calculation and not of observation ; but the solar months 
u ere, in most parts of India except the Tamil country, named formerly after the nakshatras, the zodiacal 
sign-names succeeding them. 

1 18. The correspondence of the zodiacal signs with the nakshatras is exhibited in Table XXII., 
which was prepared, for the equal-space system and that of Garga, by Dr. Fleet, and for the Brahma 
Siddhdnta by myself. The ending-points of the nakshatras were also stated in the Table on p, 22 of 
the Indian Calendar in degrees, minutes and seconds ; and for practical work by the a, 6, c system in 
terms of i (the tithi-index) in Table VIII. 

119. The moon’s nakshatra, which is considered as an observed fact, is found from her apparent 
longitude, and our process of work for this is fully described in Ind, Cal, § 133, pp. 64, 65 ; while 
the practical and \’ery simple method of actual work is given in §§ 156-158, p. 97. It amounts simply 
to this — In every process of work by the a, 6, c system for finding the lunar tithi current at a given 
moment, we have to fix the values at that moment of c (the sun’s mean anomaly), equation c, and i the 
finally found tithi-index. n being the nakshatra-index required (which gives us the moon’s apparent 
longitude, and therefore her position with reference to the fixed stars of the nakshatra-belt) the 
formula is — 

11 == (c X 10) + 7207 — equation c -f I 

Thus, in the example given on p. 81 of the Indian Calendar, c = 439, equation c = 78, t 1463, and 
the work is — 

4390 

+ 7207 

1597 
- 38 
1559 
+ 1463 

3022 ( 5 ^^ also Ind. Cal., p. 97.) 

The portion of the formula which gives the apparent longitude of the sun is {c x 10) + 7207 — equation c, 
and calling this s we have n = s + t. Though the formula is exceedingly simple. Dr. Schram has made 

^ “ Certain]3' not later than 1500 B.C. and not earlier than 4000 B.C.” (S. B. D., CcU., . 24, n.) 

* The old namoB wore occawonally used to a much later date, e.0,, in A.D. 487-8, 478-4, in the MandasOr Qupta insoiip- 
lion. (FUei, Gupta Tnicrijdione, p. 79.) 
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it even easier by providing a Table by which s can be found at once from the c of the given moment. 
This was first published in the Indian Antiquary (1896, pf. 287-88), republished in my Eclipses of the 
Moon in India {pp. 10, 11), and by his kind permission I .again republish it as Table XXIII. below 
for general use by those who prefer it. Properly used it jdelds the same result as is obtained from the 
method stated above. Thus in the above example Table XXIII. gives, for argument c 430, 1473. 
Add 86, for difference of .s with last figure 9, by the auxiliary Table. Total s = 1559 as above. With 
the » so found we turn to Table VIII. where cols. 7 to 10 give the ending-jwints of the several nakshatras 
by the three systems. Our n gives us the state of the nakshatra-index at mean sunrise on the day in 
question, and we take the difference between its value and the value for the beginning and ending of the 
nakshatra {Table VIII.), and so find the resulting argument, which we turn into mean time by Table X. 
{See the concluding paras, of § 158, p. 97, Ind. Cal.) This gives us, in mean time, the beginning and 
ending times of the nakshatra. 

120. Both these systems entail an unavoidable possibility of error consequent on the multiplica- 
tion of c by 10, an error which may amount to as much as 42 minutes in some cases, but never more 
than that. This multiplication is necessary in order that the value of c, which is expressed in thousandths 
of the circle, may conform to the value of t, which is expressed in ten thousandths. By Prof. Jacobi’s 
Special Tables, where the work is carried out in degrees, minutes and seconds, this error is reduced to 
15 minutes, his n being obtained by multiplying his tithi (with two places of decimals) by 12 in order 
to obtain degrees and decimals. 

121. I have taken gi'eat pains to ascertain the .sy.stcm of nakshatra calculation adopted by 
the late Prof. Kielliom, whose figures for the nakshatra 1 found constantly to differ from mine and from 
Prof. Jacobi’s by a few minutes. He apjiears to have followed our Indian Calendar method, but with a 
difference. Having observed that liecause of our multiplication of c by 10 the difference of one unit 
in c causes a leap in c x 10 of 10, or 42 minutes, for each unit so multiplied— which leap is modified 
by the changing \’alues of equation c, which is the quantity actually added— he stated the ending-point 
of the current nakshatra not in, as we do, the mean-time equivalent {Table X.) of the ending-point 
{Table VIII.) minus our final value of n, but in the mean- time equivalent of the nearest figure to this, 
with the last unit ignored. He habitually, that is, gave the mean-time equivalents of 10, 20, 30, &c., 
and their multiples, as the ending-points of the nak.shatra, and never stated the mean-time equivalents 
of 11,12, 13, &c. Supposing, for instance, that we have a series of ending-times of nakshatras in different 
inscription-dates resulting from {Table X.) arguments i, 2, 3, &c., up to 20. According to Table X. 
the ending-times would be respectively 4 m., 8 m., 12 m., &c., up to i h. ii m., 1 h. 15 m., 1 h. 19 m. 
Now the time-equivalents for arguments 10 and 20 are 39 m. and i h. 19 m., and Prof. Kielhom’s plan 
was, for all ending-times between 0 m. and 1 h. 19 m., to state the result as either 0 m. or 39 m. or 

1 h. 19 m. ; and so for all values, advancing by the equivalents of tens instead of units in the argument. 

122. Some examples will best illustrate Prof. Kielhom’s method. 

{Ep. Ind. VIII., 278) PSndya date 51. By the Ind. Cal. system the nakshatra ended at 14 h. 14 m., 
the argument («) being {Table X.) 217. Kielhom stated the ending-time at 14 h. 27 m., as if with 
argument 220 ; this by the equal-space system. According to Garga the argument was 32 and the 
ending 2 h. 6 m. Kielhorn quoted this ending as 2 h. 38 m. as if with argument 40. 

{Ep. Ind. IX., 211-12) Ch 51 a date 147. With the Ind. Cal. system the ending (Garga) was 

2 h. 14 m., with argument 34. Kielhom gave it, as if with argument 40, at 2 h. 38 m. 

{Ep. Ind. IV., 262.) ChSla date 20. By the Ind. Cal. system (equal-space) the ending was, 
with argument 45, 2 h. 57 m. Kielhorn gave it, as if with argument 40, at 2 h. 38 m. 

It will be noticed here that in the first two instances the actual argument was, in one 32 and in 
the next 34 ; and it would be imagined that the Professor would have stated the time-equivalent for 
30, and not for 40, as the ending-time of the nakshatra, but he selected 40. The time-equivalent for 
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current at sunrise on the Wednesday and ended at 29 gh. 3 p. that day, when Taitila began. Taitila 
ended nifh the ending of the tithi at igb. 23 P- on the Thursday, and it ms current at sunrise that 
day. The 14th tithi and the karma Cara began at i h. 23 p. on the Thursday and lasted till half the 
tithi had expired, when Vanij began and lasted till the end of that tithi at 5 gh. 18 p. on the Friday, 
being current on Friday sunrise. This will show that though, as connected with the two sunrises of 
\A’ednesday and Thursday, the number of the 13th Sukla tithi was repeated, neither the tithi itself nor 
consequently the karanas are repeated, but run their regular course. And the same will be seen to be 
the case with the expunged ” tithi, the 7th krishna. 


THE SIXTY-YEAR CYCLE OF JUPITER. 

Generai. remarks. 

130. (Indian Calendar, §§ 53 to 6a.) In this reckoning each calendar year, solar or lunar, 
receives an appellation from a list of sixty names given in the Indian Calendar, Table XII., col. i, and 
each such year when so named is known as a Birhaspatya, or Jovian, saihvatsara. Tlie reckoning 
is used now more or less freely throughout India, but is particularly prevalent in Central and Southern 
India, especially in the western parts. The existence of it is carried back by an inscriptional instance 
to A.D. 602, and to a somewhat earlier period by the fact that it is taught by Varahamihira, who died 
in A.D. 587. Its use seems to have been established by A.D. 550. (§ 12, above) 

130A. This cycle now has an astronomical basis only to a limited extent in Northern India ; 
otherwise it simply furnishes names, each in turn, for the solar or lunar years according to the local 
calendar. But originally it was astronomical everywhere, and each samvatsara was the period occupied 
by the planet Jupiter in passing by his mean motion through one sign, or 30', of the Hindu zodiac. The 
cycle is generally treated as beginning with the Prabhava samvatsai-a as No. 1 ; but, referred back on 
its astronomical basis to the beginning of the Kaliyuga in 3102 B.C., it began with No. 27, Vijaya ; and' 
this sariivatsara is treated as No. 1 by the Present SHrya Siddhania and its followers. Since, however, 
the point of importance is the name of the samvatsara, and not its serial number, w’e may adopt whichever 
sj'stem we prefer ; and I l)egin my Tables with Prabhava as No. i, principally because that is the system 
used in the Indian Calendar, to which constant reference must be made by those w’ho use my Tables. 

131. Tlie length of the samvatsara is roughly about four days less than that of the sidereal 
solar year, and it will be seen tliat each of the principal HindQ authorities differs slightly with regard to 
it. The exact figures by each authority are given below, calculated to four places of decimals. If, 
therefore, we imagine a samvatsara to begin exactly at the moment of the apparent sidereal Mesha 
samkrfinti of any year, the next samvatsara will begin about four days before the end of that year. And 
as this is the case with each successive samvatsara a time will come when one samvatsara will lx)th 
begin and end within the limits of the solar j'ear. Now the ordinary practice is to give to each solar 
year the name of the samvatsara actually current at the moment of its commencement, or in other words 
at the moment of M6sha samkrSnti, and whenever a sam\’atsara both begins and ends within the limits 
of a solar year we have three sam\’atsaras connected with two solar years. Calling the former A, B, C, 
and the latter i, 2, was current at the Mesha samkrSnti of i, C was current at the MSsha samkranti 
of 2, and therefore, w'hen naming the year 2 after the name of the samvatsara, B was dropped out, or, 
as we say, was “ expunged ” or “ suppressed.” Let it be remembered that wiien we speak of a samvatsara 
as expunged, this expunction merely means the omission to give to a solar or luni-solar year the name 
of that samvatsara, and does not affect the duration of the samvatsara itself which always runs its full 
course. Such an “ expunction,” or omis.sion of one of the names, occurs once in every 85 or 86 years. 
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132. The general rule is that the name of the samvatsara current at Mesha samkranti of any 
year is attached to al] the days of that year, notwithstanding that another samvatsara may have begun 
before its close. Suppose No. 8 , Bh&va, to have been current at M€sha samkrSnti of a certain year, 
but to have ended a month later, when No. 9, Yuvan, began ; still, all the days of that solar year will 
be considered to belong to the samvatsara named BhSva. Occasionally, however, inscriptions may be 
found naming the samvatsara actually current on the given day, which for eleven months of such a year 
would be Yuvan ; thus indicating the use of the astronomical instead of the conventional samvatsara. 
Epigraphists must be prepared for such a variation. A case in point will be found in Example 51 below. 

133. They must also be prepared for other variations in practice. By the use of a different 
SiddhSnta a different sam\'atsara will often be expunged. And in many tracts where lunar years were 
in regular calendrical use the samvatsara current at sunrise on the first civil day of the year, or Chaitra 
Sukla I, will be found to give its name to that year ; in which case, since the ordinary lunar year is shorter 
(354 days) than the Jovian year (361 days), an expunction of a samvatsara can only occur in those lunar 
years in which there is an intercalated month. The Jydtishatattva rule gives the samvatsara current 
at mean Mesha samkranti of any particular year.^ I have not given a separate Table for it, because 
its results are the same in time as results found by use of the First Ary a Siddhdnla. For similar reasons 
I omit notice of the Brihat Samhita and Ratnamala rules (Ind, Cal, § 39, p. 35, and note i, p. 36). 

134. The question as to how far the calculated mean longitude of Jupiter according to the Hindu 
authorities was in accordance with the results of modern European science is one with which we have 
no concern. 

135. In the Indian Calendar (Table /., col. 7) we have given the names of the samvatsaras current 
at apparent Mesha samkranti of each sidereal solar year from K.Y. 3401 to 4600 expired, calculated 
by tlie Snrya Siddhdnta without the bija, and with the bija from K.Y. 4601 to 3001 but we have not 
given the exact times of the beginning and ending of each sam\'atsara— often a j)oint of very considerable 
importance. In Article 39 we gave the full detailed mles for finding these beginnings, and therefore 
for finding the sarhvatsara current on any day of any year by (i) the Snrya Siddhdnta, both with and 
without the bija, (2) the First Arya Siddhdnta, (3) the Jydtishatattva rule, (4) the Brihat Sainhitu 
rule ; and in Article 60 we have given a comparative list of the saihvatsaras expunged by these different 
sj’stems. But these rule.s are rather troublesome and lengthy to v\'ork. Easier method.s were propounded 
by Prof. Kielhorn (Ind. Ant XVIII., pp. 193, 380) and Prof. Jacobi (Epi^. Ind. /., pp. 424-28) ; but 
in my opinion the easiest is the process suggested by Mr. Shankar Balkrishna Dikshit, which, while 
adapted for the use of those who j)ossess the Indian Calendar, is quite as reliable as any other. He had 
furnished Dr. Fleet with two short Tables, referred to the years of the Saka era and worked to three 
places of decimals, but without any explanation of how he arrived at the figures recorded. Dr. Fleet 
kindly gave me a copy of these, with some valuable suggestions of his own ; and after careful examination 
and prolonged atudy of the Tables, I succeeded in unravelling the whole working system. I then prepared 
my own Tables XXVII. to XXXI.A ; calculating to nine places of decimals so as to ensure accuracy, 
but stating only four places for convenience. I refer my Tables to years of the Kaliyuga as being 

^ Dr. Fleet inform» aia that, 80 far as lie i4 aware, no Hindu authority baMcs itfl calculations and rules for finding the 
current Jovian samvatsara on apparent Mesha samkranti, but all hose them on mean M'^sha samkranti, leaving it to anyone 
interested to adapt the result to the first of these times. I have prepared all my Tables (unless speoially stated to the 
contrary) for apparent MGsha samkranti because, the time result being the same in each case, the calculator is in this way saved 
the trouble of changing the apparent M^sha samkranti times given in 'J'able I. of the Indian Calendar into moan Mesha 
samkr&nti times. 

^ The 8urya Siddhdnta, before the bija or correction was introduced into it, stated the number of revolutions of Jupiter 
in the mahftytiga of 4,820,000 solar years as 804,220. The author of the bija, apparently about A.D. 1500, reduced the estimate 
of those revidutions of Jupiter to 304,212 in the same period ; thereby ilfghtly lengthening the duration of a samvatsara. (/SVe 
TdbU XXXV II., col. 6.) 
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applicable to all eras. Mr. Dikshit’s two Tables were based on the Surya Siddhdnta without the bija, 
but his principles apply, mutatis mutandis, to the other authorities, and for some of these I have worked 
out the figures. Every step taken, with the reason for it, is fully explained below. The first of each 
pair of Tables gives, calculated by Jupiter*s mean motion, the number of days and decimals of a day 
In’ which the first samvatsara, Prabhava, of a cycle began after apparent MSsha saihkrSnti of the solar 
year concerned. Tlie second enables us to find the beginning time of each subsequent samvatsara of 
the cycle. It is a system founded on actuals as laid down by the different Siddhantas, each for itself , — 
of extreme simplicity and yet yielding a final result quite as accurate as those obtained from more 
complicated processes.^ 

136. These pairs of Tables are to be used in the following manner (I retain as far as possible 
Mr. Dikshit's own words). Take as an example Tables XXVII. and XXVII. A, calculated according to 
the Surya Siddhdnta without the bIja. The others are used in the same way, each for the authority quoted. 

137. Note in Table XXVII. the expired year of the Kaliyuga next to but earlier than the expired 
Kaliyuga year corresponding to the given year ; for which purpose the given year, in whatever reckoning 

it may be stated, must be converted into a year of the Kaliyuga (Table /., or Table II. 
Working Rule. Pari III.). In the noted K.Y. yearof Table XXVII. No. i, Prabhava, of the cycle 
began after apparent Mesha samkranti by the number of days and decimals of a day 
given in col. 3. Subtract from the K.Y. figure corresponding to the given year the figure of the K.Y. 
year in which there began the Prabhava samvatsara which occuiTed last before the given year (for 
which the calculation is to be made), and add one to the remainder. With the resulting number 
as index turn to Table XXVII. A and find it in col. i. If the number of days opposite to it in col. 3 
is less than the number in Table XXVH., col. 3, against the year in which i Prabhava began, then the 
samvatsara in col. 2, Table XXVII.A, will begin in the given year. If not, then it began in the 
])receding j’ear, and the next samvatsara will begin in the given year.® The sarhvatsara being thus 
determined take from Table XXVII.A, col. 3, the number of days opposite to it, and subtract them 
from the nnml)er of days given in Table XXVII. for the beginning of 1 Prabhava of the cycle ; or, if 
the former be greater, subtract them from that number of days increased by 365.2588.® The remainder 
will be tlie number of days by M'hich, in the given year, the samvatsara will begin after the time of 
apparent Mesha samkranti. This, converted to time by Table XXXVI., and added to the time of the 
ai)j)arent Mesha samkranti found from Table I. (Ind. Cal.), cols. 13 and 17 A, or by the rules given above, 
fixes the month, day, and time of day when the samvatsara began.^ Its end is ascertained by adding 
the length of one samvatsara, in this case 361.0267 days, to the time of its beginning. In using Table IX. 
of the Indian Calendar to ascertain the day of the month, deduct a day from the total if the day on 
which the Jovian samvatsara began was later than February 29th in a Leap-year. 

The same w’orking rule applies to the other pairs of Tables, mutatis mutandis (See examples 
48 to 59 A.) The reasons for the process in each case are fully given below. 

138. It will sometimes be found that a samvatsara current at mean MSsha samkranti was not 
current at apparent Mesha samkranti, and therefore that the name of a different samvatsara was given 
to the solar year concerned ; but this does not affect the month, day, and time of day at which the 
samvatsara began and ended. That always remains the same. 

^ I differ from Mr. Dikehit by about 3| minutes of time in the final result throughout, my resulting time being in each 
case by so much earlier than his. 1 have given in the text a very complete explanation of my process, and enabled its accuracy 
to be tested by anyone. And as proof that my figures are correct I would refer my readers to Example 60 below. In that case 
the full 8nrya Siddh&nta working yields a result 23 h. 46 m. 6 s. on a certain day. The result by my Tables is 23 h. 46 m. 41 s. 
on the same day. The result by Mr. pikshit's Tables is 23 h. 50 m. 1 1 s. 

^ In each case of course the previous samvatsara was current at apparent Mfisha samkrftnti of the given year. 

Really 366.258766481, the length of the solar year. 

^ See also ‘*llint*' No. 20, below. 
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139. Note that the interval of solar years between each Prabhava sarhvatsara is 60 when there 
is no suppression of a saihvatsara in the cycle, 59 if there is one. 

140. To find in what sign of the zodiac Jupiter stood at any time it is only necessary to calculate 
the ending-time of the saihvatsara current at MSsha sarhkranti of the solar year. If the given day 
and time were earlier than that ending-time, that saihvatsara — if later, the next following saihvatsara — 
was current. The last column of Table XXXII, shows the sign in which Jupiter stood according to 
his mean longitude during the currency of the saihvatsara so found. 

Calculation by true longitude is dealt with separately. 

Catxijlation by the Surya Siddhanta without the bija. 

141. For all purposes of chronology the Kaliyuga era begins at mean sunrise, taken as 6 a.m., 
on Friday, February 18th, 3102 B.C. ; and that moment is the chronological “ epoch " of the reckoning. 
The astronomical theory takes as the starting-point of the reckoning a general conjunction of the sun, 
the moon and the planets at the first point of the sign M5sha, the initial point of the Hindu ecliptic ; 
in other words an occasion on which the sun, the moon and the planets were considered as having been 
all on a line drawn from the earth to the First Point of Mesha, so that the longitude of them all was then 
0°. The Aryabhatjya, or Fif'sl Arya Siddhanta, places this conjunction at the chronological moment 
specified above, namely mean sunrise, or 6.0 a.m., on Friday, February i8th, 3102 B.C. ; this may be 
called the “ sunrise epoch ” of the reckoning. The Present Surya Siddhanta places the conjunction at the 
preceding midnight this may be called the midnight epoch " of the reckoning and this latter 
work treats the mean Mesha samkrlnti as occurring at that midnight, and the sixty-year cycle of 
Jupiter as beginning with the saihvatsara No. 27, Vijaya, commencing at that same moment. 

142. The elements of the Surya Siddhanta without the bija are as follows : 

A. Civil days in a mahSyuga of 4,320,000 solar years . 1,577,917,828 days. 

B. Revolutions of Jupiter in that period .... 364,220 

C. One revolution, or A ^ B 4332..3206523529 days. 

D. One saihvatsara, i.e., the planet's passage, by mean 

motion, through one sign, or 30° of arc ; or 

C -r 12 361.026721029 days. 

(361 d. 0 h. 38 m. 29 s.) 

E. Length of sidereal solar year 365.258756481 days. 

(365 d. 6 h. 12 m. 37 s.) 

F. Difference between lengths of solar year and sam- 


vatsara ; or E — D 4 232035452 days. 

(4 d. 5 h. 34 ni. 8 s.) 

G. Sodhya, or time-interval between true and mean Mesha 

saihkranti (see above, § 39A, etc,) .... 2.170694 days.® 

(2 d. 4 h. 5 m. 48 5.) 


H. Difference between solar year-length, E, and saihvatsara- 

length in one whole cycle, or F x 60 . . . 253.922127120 days. 

I. E — H, or additive difference for beginnings of 

successive cycles 111.336629361 days, 

^ The preceding paesage has been remodelled from my original draft at Dr. Fleet*® Huggeetion, whoM; article on the 
Kaliyuga era may be referred to. (Journal of Ihe Royal Asiatic Society, 1911, pp. 479 ff.) 

® I am indebted to Dr. Fleet for the following method of etating the elementa, and for thei values of A, B, C, D, in each 
ease. 1 have verified the latter by comparison with the stiiteineots of other authorities. 

Mean Mi^sha sa^rftnti is by so much later than true M4sha samkranti. (Ind, Cal,, | 26, p. 11.) 


6 
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143. It is assumed that 27 Vijaya began at the instant of mean M6sha samkranti of K.Y. 
I current. It therefore began 2.170694 days after apparent M€sha saHikranti of that solar year* ; and 
therefore at that last point of time the preceding samvatsara 26 Nandana was current. Vijaya ended 
(2.1707 + 361.0267) 363.1974 days after apparent M.S., or before the end of the solar year. 26 Nandana 
was current at apparent M.S., and at the next apparent M.S. 28 Jaya was current. Therefore, with 
reference to apparent M.S. 27 V’ijaya was an expunged samvatsara. 

144. Since 27 Vijaya began 2.1707 days after apparent M.S. in K.Y. i current, the beginning 
of the I Prabhava of the next following cycle is found from that number of days, or G, + {E — (F x 34 )}- 


Civil days. 

E 365.2588 

F X 34 — 143.8892 

221.3696 

G + 2.170 7 

223.5403 


I Prabhava, therefore, began by that number of da}rs after apparent M.S. of K.Y. 33 expired, in 
3069 B.C., and Table XXVII. begins from that point. The beginning of i Prabhava of the next 
cycle is found from this number of days + “ 1,” and so in succession, deducting when necessary the 
figures for (E) the solar year-length. Thus : — 

Days. 

For K.Y. 33 223.5403 

“ I ” + 111.3366 

334^8769 

By this number of days. No. 1, Prabhava, of the next cycle began after apparent MSsha samkrSnti 
of K.Y. 92. Days. 

For K.Y. 92 334.8769 

“ I " 111.3366 

446.2135 

"E” — 365.2588 

80.9547 

By this number of days after apparent Mesha samkranti. No. i Prabhava of the next cycle began in 
K.Y. 152, and so in succes!>ion. 

145. As a matter of possible interest 1 have tabulated, supplementing Table I. of the Indian 
Calendar, the times of MSsha saihkrSntis (calculated according to the First Arya Siddhinta, as the nearest 
reliable authority) for the period 58 B.C. to A.D. 299. This is my Table XXXVIII.A. It would be 
useless to tabulate it for any time earlier than that. Anyone who may wish to calculate a samvatsara for 
any earlier time is now provided with the means of doing so for himself. The number of complete cycles 
between K.Y. 33 and K.Y. 3117, both expired, which latter year corresponds to A.D. 1^17, is 52. 
Fifty-two times 111.336629361 days 4- 223.5403 days (the figure for Prabhava of K.Y. 33) is 6013.0450 
days. Deduct a multiple (16) of the solar }'ear-length, E, in days, i.e., 365.258756481 X 16, or 5844.1401. 
The remainder is 168.9049, and by this number of days i Prabhava began after apparent MSsha samkranti 
of K.Y. 3117 expired, or A.D. 16. This is the figure tabulated in Table XXVII. The rest in succession. 

' ^ 1 have etated above that Table XXV'II. in prepared with reference to apparent MSaha Raihkrtnti simply for oonvonienoe 
of caloula'tion by readers using the Indian Calendar. The HindS astronomers took no note of apparent, but only of mean, MSsha 
samkrinti ; and were not conctemed with the former prior to the time when the true or apparent HSsha samkranti began to be 
used in and for their own period. Let it bo remembered also that this cycle was not really in use at the beginning of the 
Kaliyuga. (A'efs tnggeded bi/ Dr. Fleet.) 
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146. Table XXVII.A enables us to ascertain the exact beginning of each sarhvatsara of the 
cycle. I Prabhava of the cycle which began in K.Y.' 33 began 223.5403 days after apparent Mesha 
samkrSnti. Therefore 2 Vibhava of the same cycle liegan F number of days earlier in the next solar 
year ; 3 Sukla began 2 F number of days earlier in the next following solar year. Thus : — 

In K.Y. 34, 2 Vibhava began (223.5403 — 4.2320) = 219.3083 days after apparent M.S. 

In K.Y. 35, 3 Sukla began (223.5403 — 8.4641) = 215.0762 days after apparent M.S. 
and so on. Against each samvatsara is entered in col. 3 the number of days to be deducted from the 
number for i Prabhava of the cycle given in Table XXVII. in order to find by how many days after 
apparent M.S. of its own solar year the samvatsara began. The time of apparent Mesha saihkranti is 
obtained, for each year, from Table I., and this, added to the result already arri\’ed at, gives the month, 
day, hour and minute of the beginning of the samvatsara. 

147. One example will suffice (see Sec. 137), another being given in example 50 below. We 
desire to know (i) what samvatsara was current at apparent Mesha samkranti of K.Y. 4397 expired, 
A.D. 1296-7 ; (ii) what samvatsara began in that year ; (iii) the time of the former’s beginning ; (iv) the 
time of its ending ; (v) in what mean sign of the zodiac Jupiter stood during the course of the samvatsara 
— all these according to calculation by the Siirya Siddhanta without the bija-. 

(i, ii) (Table XXVII.). i Prabhava of the cycle began in K.Y. 4362, expired. 4397 — 4362 
= 3.‘5 + i= 36 . (T(d)leXXVII.A.) 36 Subhakrit. ' 

Answer. — (i) 35 Plava was current at MSsha samkranti, and (ii) 36 ^ubhakrit began during the 
current solar year. 

(iii) The MSsha samkranti of K.Y. 4397, expired, marked the beginning of that year, and Plava 
being then current it began in K.Y. 4396 expired (A.D. 1295). 

Days, 


(TabU XXVII.) For K.Y. 4362 .... 

# 

315.4215 

(Table XXVII.A.) 35 Plava 


143.8892 


d. 

h. tn. 

= (TabU XXXVI. y ..... 

. 171 

12 47 

Mesha samk. K.Y. 4396 expired (Table I.) 

fi5 

I 4.") 

256 (Table IX.) — September 13th, A.D. 1295. 

256 

14 32 


Attsteer. — Plava began 14 h. 32 m. after mean sunrise on September 13th, A.D. 1295. If necessary 
the corresponding solar month and day of the Kaliyuga year K.Y. 4396 expired can be found in the 
usual way. 

[Prof. Kielhom calculated this date by his own method, and quoted his result as 14 h. 31.5 m. 
after mean sunrise on the same day. This is sufficient to establish the accuracy of both. I might, 
instead of 47 m., have quoted the minutes as 46.5, the actuals being 46 m. 31 s., and in that case the 
two results would have exactly tallied.] 

(iv) 256 d. 14 h. 32 m. + (§ 142, D) 361 d. 0 h. 38 m. = 617 d. 15 h. 10 m. 617 (Table IX., 
right side) = (A.D. 1296 being a Leap-year) September 8th, A.D. 1296. 

Answer . — Plava ended September 8th, A.D. 1296, at 15 h. 10 m. after mean sunrise. Kielhorn 
gives it as 15 h. 9.9 m. 

(v) By Table XXXII., col. 3, opposite 35 Plava, we find that Jupiter stood in the sign Dhanus. 

‘ .S3 - I2h.43m. ISs. .0023 » 3 ni. 18.52 b Total, 12 h. 46 m. 30.52* We call thi* 12 h 47 m. 

6 A 
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By the SifRYA SiDDHANTA WITH THE BIJA. 

149. In A.D. 1478 the author ol an astronomical work or karana called the Makaranda, com- 
posed at Benares, introduced a bija, or correction, to the present SUrya SiddhitUa in regard to Jupiter’s 
revolutions in a MahSjniga, the number of which he made 364,212 (B) instead of 364,220 as before. No 
change was made in the number of civil days in a MahS3niga, viz., 1,577,917,828 (A). Hence the length 
of one revolution of Jupiter by this authority, or A B, was corrected to 4332.415812768 days (C) ; 
and the length of one of Jupiter’s saihvatsaras, or C -r 12, was corrected to 361.034651064 days (D). 

150. Tlie correction was adopted generally, but of course in different years in different tracts, 
till it became prevalent throughout all India. I have therefore calculated the beginnings of Prabhava- 
years, in other words the beginnings of Jupiter cycles, freshly on this basis from the epoch of the Kali5niga, 
and have embodied the results, beginning from K.Y. 4540 expired (A.D. 1439-40) in Table XXVIII. 
The process is as follows : — 

Civil days. 

Surya Siddhanta solar year-length 365.258756481 

Length of saihvatsara 361.034651064 

Difference, annual 4.224105417 

Multiplied by 60 

Difference in each cycle 253.446325020 

151. To find the moment of beginning of any cycle, or the number of days by which 1 Prabhava 
began after apparent Mesha saihkrSLnti of any year, we have to add to the moment found for the beginning 
of the previous cycle 365.258756481 — 253.446325020 days, or 111.812431461 days. And first we 
have to ascertain the moment of beginning of the first whole cycle, with Prabhava as 1, after the epoch 
of the Kalijniga. As before, we begin with the 27 Vijaya which, according to Hindu astronomers, began 
exactly at mean Mesha saihkrilnti of K.Y. i current (0 expired, or 3102 B.C.). It began by the Surya 
Siddhanta, both with and without the bija, 2,170694 days after apparent M6sha saihkranti of that year, 
that being the time-difference, or ^odliya, between apparent and mean Mesha samkrSntis. After this 
date the first Prabhava-year occurred after 34 saihvatsaras had run. 

Civil days. 

Solar year length 365 -2588 

Less (annual difference) 4.224105417 x 34 . . . . 143.6196 

221.6392 

-f (beginning of 27 Vijaya) ....... ^1707 

Beginning of i Prabhava K.Y. 33 expired (3069 B.C.) after 

apparent MSsha samkrSnti . 223.8099 

From this point there were 76 cycles of 60 samvatsaras each till the year K.Y. 4540 (A.D. 1439-40). 

Civil days. 


Beginning of i Prabhava K.Y. 33 (expired) .... 223.8099 

76 cycles, or 111.812431461 x 76 8497.7448 

Interval 8721,5547 

Deduct a multiple of the solar year-length, or 365.258756481 

X 23 8400.9514 

Beginning of i Prabhava K.Y. 4540 320.6033 


For the remaining beginnings of cycles we add for each cycle 111.812431461 days. This explains 
the figures in Table XXVIII. Those in Table XXVIILA are similar to those in Table XXVII.A, 
but for the SGrya Siddhanta with the bTja. 
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152. For convenience of reference I give here a list of elements of the Stlrya SiddMnta with 


the bijaj similar to those without it in § 142 ; — 

A. Civil days in a Mahayuga 1.577.9171828 days. 

B. Revolutions of Jupiter in that period .... 364,212 

C. One revolution».or A -r B 4332.415812768 days. 

D. One saihvatsara, or C -r 12 361,034651064 days. 

(361 d. 0 h. 49 m. 54 s.) 

E. Length of solar yeai- 365.258756481 days. 

(365 d. 6 h. 12 m. 37 s.) 

F. Difference between solar year, E, and sariivatsara, D. . 4.224105417 days. 

(4 d. 5 h. 22 m. 43 s.) 

G. isodhya 2.170694 days. 

(2 d. 4 h. 5 m. 48 s.) 

H. Cycle difference, F — 60 253.446325020 days. 

I. Additive difference for beghmings of successive cycles . 111.812431461 days. 


153. The work is precisely similar to that in the former case, but Tables XXVlll. and XXVllI.A 
are to be used in place of Tables XXVII. and XXVII.A. 


By the First Arva Siddhanta, or the Aryabhatiya, 

154. The First Arya Siddhdnla came into use about A.D. 499, being the work of the astronomer 
Aryabhata, It differs slightly from the Siirya Siddh&nta in the length of both the solar and the Jovian 
year. According to it the epoch of the KaUyuga era was the moment of mean sunrise on February 
i8th, 3102 B.C., or 0 hour Laiika time — six hours later than that fixed by the author of the Siirya 
Siddhdnta. This was the moment of beginning of K.Y. i current. At this moment the longitude of Jupiter 
was held to be, like that of the mean sun, 0 °, or in othei* words the Jovian saihvatsara began exactly 
at the moment of mean Mesha samkrinti of K.Y. i current. This samvatsara was Vijaya (No. 27), 
as before. 

155. llie elements of the First Arya Siddhdnta are as follows : — 

A. Civil days in Mah&yuga . 1.577.917.500 days. 

B. Revolutions of Jupiter in that period .... 364,224 

C. One revolution, A -f B 4332.272173168 days. 


D. One samvatsara, C ^ 12 . . . . . . . 361.022681097 days. 

(361 d. 0 h. 32 m. 40 s.) 

E. I-ength of solar year 365.2586805 days. 

(365 d. 6 h. 12 m. 30 s.) 

F. Difference between solar year, E, and samvatsara, D . 4-235999458 days. 

(4 d. 5 h. 39 m. 50 s.) 

G. Sodhya 2.1475694 days, 

(2 d. 3 h. 32 m. 30 s.) 

H. F X 60 (cycle difference) 254.159967480 days. 

I. E — H, additive difference for successive cycle- 

beginnings 111.098713075 days. 


156. Mean Mesha samkrfinti took place 2.1475694 days (= G) after apparent M€sha samkranti ; 
and therefore Vijaya began by that interval of time after the latter in K.Y. i, i Prabhava of the next 
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moment of mean Mesha saihkr&nti of K.Y. i current, the epoch of the Kaliyuga.^ Then E — (F x 34) 
will give us the beginning moment of the No. i Prabhava of the next cycle. 

CivU days. 

E 365.258750000 

F X 34 — 143.889202818 

221.369547182 

Hence ue have it that No. i Prabhava began, in K.Y. 33, or 3069-68 B.C., 221.36955 days after mean 
Mesha samkranti, and Table XXX. starts from that point. I have made the calculations with nine 
places of decimals, but tabulate only with four places for convenience. The process is fully explained 
in the working for the Present SUrya Siddhanta, §§ 141-146 above. 

Civil days. 

I X 52 5789.504623760 

+ 221.369547182 

6010.874170942 

E X 16 —5844.140000000 

166.734170942 

The beginning of Prabhava in K.Y. 3117 (A.D. 16-17) therefore took place 166.7342 days after mean 
MSsha samkranti. Table XXX. states this figure and continues the figures for the beginnings of all 
subsequent Prabhavas. 

161. Table XXX.A coiresponds to Tables XXVII.A, XXVllI.A, XXIXA., but is for use in 
calculations by the Original Surya Siddhanta. 

162. Calculation by these Tables enables the currency at mean Mesha samkranti, according 
to the Original Surya Siddhanta, of the Jovian samvatsara to be correctly ascertained ; but no Tables 
hitherto published enable us to fix for each solar year the time of occurrence of mean Mesha samkranti 
by that authority, and without such we cannot fix the times of beginning and ending of such a samvatsara. 
I have therefore prepared the accompanying Table, to enable this to be done, on the following principles. 

The First Arya Siddhanta ® starts its calculations from mean sunrise on Friday, February 18th, 


' In accordance with what 1 believe to bo the usual HindO practice, os explained in “ Hints,” Ko. 18, 1 assume that, 
the two moments exactly coinciding, Vijaya’s beginning was theoretically taken as occurring immediately after the mathematical 
point of mean MSsha samkranti, so that, ending before the end of the solar year, Vijaya was expunged. It >vas considered to 
begin and end within the limits of one solar year. 


* Dr. Fleet kindly helped me in this matter, and calculated the moment of coincidence thus : — 


FtVsf Arya Siddhanta. 

Sunrise epoch of the K.Y. in elapsed days 
of Julian period, at moan sunrise, 

February 18th, 3102 B.C • • • 588,466.00 

1 year ... . 365.26868065 > 

X 3600 

1,314,031.246 • • 1,314,93 1.26 

1,003,397.26 

0 March, A.D. 499 •• • 1,008,376.00 

21.26 


Original S&rya Siddhttnta. 

Midnight epoch of the K.Y in elapsed 
days of Julian period, at previous 
midnight ... ... 688,466.76 

1 year. ... 366.26876 
X 3600 

1,314,931.60 • • 1,314,981.60 

1,903,307.26 

0 March, A.D. 409 • • 1,008,876.00 

21.25 


Mean M6aha samkranti, therefore, took place by both authorities at 0.26, i.e., 6 hours after mean sunrise, that is at noon, on 
Sunday, March 2lBt, A.D. 499. 1,008,897 * 7 gives remainder 6 = Sunday. (See note, p. 62 ietow’.) 
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3102 B.C. : the Original Surya Siddhdnta from the previous midnight. The difference of the above 
times is 6 hourst and the year of the Original Surya Siddhdnla is 6 seconds longer than that of the Arya 
Siddhdnta. The two therefore came together in (6 hours or 21,600 seconds divided 6 seconds) 3600 
years, and mean MSsha samkranti took place at precisely the same moment by each in A.D. 499, namely, 
on Sunday, March 21st, at noon. Table I. gives in cols. 13 to 17 the time of apparent Mesha samkranti 
for 1600 years by the Arya Siddhdnta. By adding to this the s6dhya interval, viz., 2 d. 3 h. 32 m. 30 s., 
we have the time of mean M6sha samkranti by that authority. A.D. 499-500, or K.Y. 3600 expired, 
being the year in which mean Mesha samkranti by the Original Surya Siddhdnta was in exact accord 
with the First Arya Siddhdnta, we have only to add to, or subtract from (according as the gi\-en year 
is subsequent or prior to AJ). 499, K.Y. 3600 expired), the times of mean MPsha samkranti by that 
authority as thus obtained, the differences between the two as stated in the following Table, in order 
to find the exact time of mean MSsha samkranti in any year according to the Original Surya Siddhdnta. 
Since Table I. begins with K.Y. 3402 current (A.D. 300) 1 have prepared Tabic XXXV 1 II..\ giving 
the times of apparent MSsha samkrantis by the First Arya Siddhdnta from K.Y. 3043 expired, 59-58 B.C. 
It is not likely that the time for any earlier year will ever be required, but should it be so it can be 
obtained for any year, however remote, in the manner shown in Example 3. .\dding the sodhya and 
applying the difference as shown in the following Table, the desired result (mean Mesha by the Original 
Surya) is obtained for any year. [Table XXXVIII.A is prepared for apparent Mesha sarhkranti so 
that it may correspond with Table I., cols. 13 to 17, and minimise the chance of confusion.] 


TABLE. 

Difference between the moments of mean Mesha sarhkranti as caiculated 
by the Original Surya and First Arya SIddhantas, the difference in A.D. 499, 

K.Y. 3600 expired, being nil. 

m 

ffdXting found the moment of mean MaS. by Ut A. 8,, obtain the name by the 0.8.8. by adding the difference 
for years subsequent to, or subtracting it for years jtrior to A D 400, K , }’. 3600 expired. 


Difi.in 

years. 

Time 

difference. 

Diff in. 
years. 

Time 

difference. 

Diff, in 
years. 

Time 

difference. 

Diff. in 
years. 

Time 

difference. 




■ 


H. 

M. 

8. 


H. 

M. 8. 


u. 

M 8. 




H 

10 


1 



100 


10 — 


1 

40 — 



H 


20 

— 

2 

— 

200 

— 

20 — 


3 




B 

||B 

30 

— 

3 

— 

300 

— 

30 — 


6 

— — 



B 


40 

— 

4 

— 

400 

— 

40 






H 


50 

— 

5 

— 

500 

— 

60 — 




6 

— 

— 

86 

60 

— 

6 

— 

600 

1 

— — 




7 


— 

42 

70 

— 

7 


700 

1 

10 — 




8 

— 

— 

48 

80 

— 

8 

— 

800 

1 

20 — 




9 



54 

90 


0 


900 

1 

30 — 
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Example} — Required the time of mean Mesha samkrinti by the Original Surya Siddhdnta of 
A.D. 299, K.Y. 3400 expired, and of A.D. 300, K.Y. 3401 expired. 

First K.Y. 3400 expired. Appaient M.S. {Table XXXVIILA ) by First Arya Siddhdnta — 
March 17th, A.D. 299, Day 76, Friday, at 8 li. 47 m. after mean sunrise. Add §Odhya 2 d. 3 h. 32 m. 30 s. 
Mean M.S. by As. = March 19th, Day 78, Sunday, at 12 h. 19^ m. For 200 years difference to A.D. 499 
deduct 20 m. Ansuer, — Mean M.S. by Original Surya Siddhdnta — March 19th, Sunday, Day 78, at 
II h. 59 m. 30 s. To be accurate {see ^*Hint” No, 20) we must add 30 s., making the time 
exactly 12 h. 

And so for A.D. 300, when {HitU 20) no seconds ha\'e to be added to the time given in Table I. 
for true Mesha samkranti, which is 15 h. exact. 

rf. w. h, m. s. 

Apparent Mesha samk. by Arya Siddiu A.D. 300 {Table /., 

cols, 13, 14, 17) 16 March o 15 o 

Add sodhya by the Arya Siddh. ...... 2 2 3 32 30 

Mean Mesha samk. by Arya Siddh 18 March 2 18 32 30 

Deduct for 199 years’ diff., A.D. 300-499 {Table in text) 

10 m. -|- 9 ni. “h 54 * ■ • • • • * • ' — ^9 54 

Mc«m Mesha .‘^arhk. by Orig, Su, Siddh 18 March 2 18 12 36 

(2 Monday.) Mean M&ha samkranti according to the Original Surya Siddhdnta took place 

in A.D. 300, or K.Y. 3401 expired, on Monday, March i8th, at 18 h. 12 m. 36 s. after mean sunrise. 

To find the times of beginning and ending of the samvatsara by the Orig. Surya Siddh., therefore, 
we use, in the same manner as directed for the corresponding Tables prepared for the other Siddhantas, 
Tables XXX. and XXX. A for the currency of the samvatsara at mean Mesha samkranti, and for 
expunctions of the same ; and for the time of occurrence of mean Mesha samkranti we find from Table 
XXX\TII.A, or Table I., or by calculation as directed, the time of occuiTence of appai'ent Mesha 
samkranti by the First Arya Siddhdnta, convert this to mean Mesha samkranti by the addition of the 
sodhya, and convert the result to mean Mesha samkranti according to the Original Silrya Siddhdnta by 
the Table in the text. [Since the abo^'e was in tyi>e I have added Table XXXVIII.C. to the other 
Tables. This gives at once the time of mean Mesha samkranti by the First Arya Siddhdnta for a period 
of 576 years.] 


By THE Brahma Siddhanta and Siddhanta Siromani. 

163. The Brdhnta Siddhdnta was composed by Brahmagupta in A.D. 628, and was much used 
for the ensuing four centuries. In A.D. 1042 appeared the Rdjamrigdnka which introduced a correction 
to most of the elements of the Brahma Siddhdnta, and shortly after that date the latter in its original 
form dropped out of use. In its altered condition it continued to be extensively resorted to, and it is 
not improbable that it was in use in, at least, the central belt of India till a comparatively late date. 
For all purposes connected with the position of Jupiter in relation to the sun the elements of the Sid- 
dhdnta Siromani, which was written by Bhaskar&ch9,rya in A.D. 1150, are identical with those of the 

^ To give another example. In the Indian Antiquary, XIX. ( 1890), pp. 48, 40, Mr. Sh. B. Dlkshit stated, after calculating 
in a different way, that in A.D. 503 (K.Y. 3000 or S. 427, both expired) mean Mesha gamkr&nti occurred at 48 gh. 9 p. 
after mean eunriee on Sunday, March 20th, or, in European reckoning, at 10 h. 15 m. 30 b. alter mean sunriao, accoxding to the 
Original Surya Siddh&nta. Working as laid do^m in the simple rule given In the text, I obtain — after adding to the time of^ true 
Mfiaha aamkranti by the Arya Siddh&nta as given in Table L the 30 seconds necessary for aoouiate oalonlation (m ** HitiU}* 
20» hslotr)— predaely the same result. 
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Brahma Siddhdnta ; consequently the resulting figures and times are tlie same, and Tables XXXI. 
and XXXI. A arc to be used for both these authorities. (See the notes preceding Table XXXVIL) 

According to the Brahma Siddhdnta the solar year was one of 365.2584375 days, or 
365 d. 6 h. 12 m. 9 s. The length of the Jupiter samvatsara was 361.02000745G days. The difference 
between the two was 4.238430044 days. In 60 sathvatsaras this amounts to 254.305802640 days, and 
365,2584375 — 254.305802640 = 110.952634860 days, which as explained above under the general 
remarks,'* gives us the necessary element for the preparation of Table XXXI. for the beginning times 
of the first Prabha\'a of each cycle. 

164. I ha^'e been unable to obtain any valuation according to Hindu authority for the Sodhya 
interval by this Siddhanta at K.Y. 0, on which depends the starting point for my calculations ; but 
Dr. Schram fixes it as 2.171973, or 2 d. 4 h. 7 m. 38J s., and this I accept. But, arguing by analogy from 
calculated results for the same interval according to the Silrya and Arya Siddhdntas made by the Hindus 
and by Dr. Schram, it is possible that the HindQs made this Sodhya from one to Iwo-and-a-half minutes 
longer than does Dr. Schram. Consequently it is possible that we may approximate to Hindu calculation 
if we deduct (say) 2 minutes from the final result obtained by use of Tables XXXI., XXXI. A. 

165. We have first to find, according to the Brahma Siddhdnta ^ the time, measured from the 

moment of true Mesha samkranti,^ of the 27 Vijaya which began in K.Y. 0. In the case of the Surya 
and First Arya Siddhdntas this was easjs because the Hindfis calculated that 27 X^ijaya began at the 
moment of solar mean Mesha samkr5nti of that year, and therefore that it began by exactly the amount 
of the Sodhya interval later than apparent Mesha samkr 5 nti. But according to the Brahma Siddhdnta 
the place of Jupiter at the moment of solar mean Meslia samkranti in K.Y . 0 was not 0° but 359® 27' 36"', 
in other words he was short of long. 0 ® by 32' 24*". Since 27 Vijaya began at the moment when Jupiter 
reached 0 °, the samvatsara actually current at the moment of solar mean Mesha samkranti at K.Y. 0 
was 26 Nandana ; and 27 Vijaya began later by the time occupied by Jupiter in travelling 
32' 24*" of arc. This, by Table XXXIV., = 6 d. 12 h., or 6.50 d. ; but Dr, Schram has made a closer 
calculation based on the time (C, below) occupied by Jupiter in travelling 360°, and he finds that the 
prop)er figures are 6.49836 d., or 6 d. 11 h. 57 3^*3 distance of time, then, after the sun 

had reached mean long. or after the moment that marks the epoch of the Kaliyuga, Jupiter arrived 
there. Dr. Schram tells me that the true sun had reached long. 0® 2 d. 4 h. 7 m. 38J s., or 2.171973 d. 
earlier than the mean sun. Hence 27 Vijaya began, by the Brdhma Siddhdnta (6.49836 d. + 2.17197 d. =) 
8,67033 d., or 8 d. 16 h, 5 m. 17 s. after apparent solar MSsha samkranti at K.Y. 0. 

166. The following are the elements of the Brdhma Siddhdnta^ lettered in the same way as in 
the case of the other Siddhantas, reduced for the Mahayuga from the original figures which are stated 
for the Kalpa : — 

A. Civil days in Mahayuga i, 577 > 9 ^ 6 » 4 S 0 * 

B. Revolutions of Jupiter in Mahayuga .... 364»226.455 

C. One revolution, A -r B 4332 240089479 days. 

(4332 d. 5 h. 45 111. 43.7 s.) 

D. One samvatsara, C -r 12 361.020007456 days. 

(361 d. 0 h. 28 m. 49 9.) 

E. Length of solar year 365 2584375 days. 

(365 d. 6 h. 12 m. 9 s.) 

F. Difference between solar year, E, and samvatsara, D, 4.238430044 days. 

(4 d. 5 h. 44 m. 20 s.) 

^ It iB pn)bable that calculation by mean lungitudoi bad been abandoned from the time that the Brdhma Siddhdnta 
came largely into ute. 
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G. SOdhya in K.Y. 0 (by Dr. Schram) .... 3.T71973 days. 

(2 d. 4 h. 7 m. 38.47 s.) 

H. F X 60, or cycle-difference 254.305802640 days. 

I . E — H, or additive difference for beginnings of cycles . 110.952634860 days. 

Jupiter’s place at the epoch of the Kaliyuga era, i.e. at 

mean M^sha samkr^iti of K.Y. 0 .... 359° 27' 36' 

167. We have found that 27 Vijaya began 8 d. 16 h. 5 in. 17 s., or 8.67033 d., after apparent 
solar Mesha samkranti at K.Y. 0. To find when No. i Prabha\ a of the next cycle liegan we must add 
this amount to E — (F x 34). 

E d& 5 - 2584375 oo 

F X 34 — 144.106621496 

221.151816004 
-f 8.67033 

229.822146004 

Therefore, in K.Y. 33 expired (3069-8 B.C.) No. i Prabhava began 229.8221 days after apparent solar 
Mesha samkranti. This, plus 52 times the value of I and minus a multiple of E, or E x 16, gives us 
the number of days after apparent solar Mesha saihkr^ti by which No. 1 Prabhava began in K.Y. 3117 
expired, i.e., in A.D. 16, since 53 cycles had elapsed by then. 

I X 52 5769-537012720 

-f- 229.822146004 

5999-359158724 

— 5844.135000000 
155.224158724 

Table XXXI. states this as 155.2242, and continues the series for the beginnings of subsequent cycles ; 
Table XXXI. A corresponds to Table XX VI I. A, but is for the Brahma Siddhanta and Siddhanta 
Siromam. 

167A. Calculation by Tables XXXI. and XXXI.A (when these alone are used) enables us 
to ascertain the currency of the samvatsara in relation to the solar year ; but we cannot fix in European 
time the moment of beginning or ending of each samvatsara unless we know, according to the Brahma 
Siddhanta and Siddhanta Sirdmani, the moment of occurrence of apparent or mean MSsha samkranti 
of the year in question. This is not given in Table I. of the Indian Calendar nor in any Table as yet, 
to my knowledge, published, but it can be found by use of the following Table. I must first explain 
its principles. 

The Brahma Siddhanta and Siddhanta Sirdmani, equally with the First Arya Siddhanta or 
Aryabhaliya, recognise the sunrise eix)ch of the Kali3mga, viz., mean sunrise on Friday, February i8tli, 
3102 B.C., or February 18th, 0 h. 0 m. 0 s., placing mean Mesha samkr^ti at that moment.* Deducting 
the Sodhya inteiA'al as fixed by Dr. Schram for the two former authorities, viz., 2 d. 4 h. 7 m. 38^ s., 
we have, for true Mesha samkranti according to them, February 15th at 19 h. 52 m. 2ii s. ; and deducting 
the Sodhya interval as fixed in the Indian Calendar for the latter authority, viz., 2 d. 3 h. 32 m. 30 s., 
we have for true Mesha samkranti by the First Arya Siddhdnta Februaiy 15th at 20 h. 27 m. 30 s. 

Now the solar year by the First Arya is {see Table XXXVII.) 21 s. longer than that by the 
Brahma Siddhdnta and Siddhdnta Sirdmani, and consequently there was never a year in which the 

^ 'riiey have not a geti^ral conjunction at K.V. 0; their gtmral conjunction of the planetary bodies was at sunris ' 
at the beginning of the Kalpa, and they begin their calculations from that moment, given hg Dr. JPfeef.] 
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First Arya agreed with the two latter authorities as to the moments of cither true or mean Mesha 
samkranti. On the contrary they diverged every year by 21 s., and at K.Y. 5000 expired, in A.D. 1890, 
the difference amounted to i d. 3 h. 10 m. Hence the Table. 


TABLE. 

Difference between the moments of mean Mesha samkrSnti as calculated by 
(1) The First Arye SIddhanta (2) The Brahma Siddhanta and Siddhanta SiromanI, 
all having been together at K.Y. 0. in 3102 B.C. 

Having found from TdMrt I, die , the moment of mean Meaha anmkr&nti hy tiv. FIrat Arya SiddMnta, 
deduct the Ume~difference given in th Table in order to dbiain the snnie. by the Brahma Biddhanta and 

Siddhhnta Sirbmani. 


Diff. in 
years. 

Time 

(lifferenco. 

Dili, in 
years. 

Time 

diflferonre. 

Diff. In 
years. 

Time 

tliffereneo. 

DOT. in 
years. 

Time 

diflferenee. 

1 


2 


1 


2 


1 


2 


1 

2 


H. 

M. 

s. 


H. 

M. 

ft. 


H. 

M. 

A 


H. 

M. ft. 

1 


, 

21 

10 

... 

3 

30 

100 

.... 

35 



1000 

5 

50 — 

2 

..... 


42 

20 

— 

7 

— 

200 

1 

10 

— 

2000 

11 

40 — 

n 



1 

3 

30 

— 

10 

30 

300 

1 

45 


3000 

17 

30 — 

4 



1 

24 

40 



14 

— 

400 

2 

20 

— 

4000 

23 

20 — 

.') 


J 

4r» 

50 

— 

17 

30 

500 

2 

55 

— 

6000 

29 

10 — 

0 



2 

0 

00 

— 

21 

— 

000 

i 3 

30 

— 




7 

— , 

2 

27 

70 

-- 

24 

30 

700 

4 

5 

— 




8 


2 

48 

80 

— 

28 

. — 

800 

4 

40 

— 




9 

' — 

3 

9 

90 


31 

30 

000 

5 

15 






— Take the moment of true Mesha samkranti by the Arya SiddMnta from Table I. of the 
Indian Calendar ; add Sddhya, or 2 d. 3 h. 32 m. 30 s. This gives the moment of mean Mesha samkrinti 
by that authority. Deduct from this last, for every year of the Kaliyuga expired at the given date, 
the amount obtained from the above Table. This gives the moment of mean MSsha samkranti by the 
Brihtna Siddhanta and Siddhanta Sirdmani. From this deduct the iSdhya by those authorities, or, as 
fivaH by Dr. Schram, 2 d. 4 h. 7 m. 38J s. The result is the moment of true M€sha saihkrSnti by these 
two authorities. 

With this knowledge, used as before, the moments of beginning and ending of the Jovian samvat- 
sara according to those authorities is found by using Tables XXXI. and XXXI. A. 

Exampte.—Wt desire to fix the beginning and ending times of the Jovian saihvatsara which 
was current at true Mesha samkranti of K.Y. 5001 expired, or A.D. 1900-1901, by the Brahma Siddhanta 
and Siddhanta Sirdmani, 

The saihvatsara began in K.Y. 5000 expired. First find the moment of true M?sha samkranti 
in that year by those authorities. 
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h. 

m. 

S. 

True M§sha S. by Arya Siddh, (Table /.) 

A.D. 1899 12 April (loa) 

4 Wed. 6 

7 

0 

Add Sodhya by Arya Siddh. 

. . . 2 2 

2 3 

_32 

30 

Mean Mesha S, by Arya Siddh. 

14 April (i04y 

6 Fri. 9 

39 

30 

For 5000 years deduct (Table in text) 

. - I - 1 

-I -.5 

■'10 

- 0 

Mean M€sha S. by B.S. and S. Sird.' 

13 April (103) 

5 thur. 4 

29 

30 

Deduct B.5. and S. Siro. ^odhya 

. . . - 2 — 2 

“i .. -J 

7_ 

-381 

True Mesha S. by B.S, and S. Sird. . 

II April (loi) 

3 Tues. 0 

21 



True Mesha samkranti, then, by the Brahma Siddhdnta and Siddhdnta ^irdmani occurred on 
Tuesday, April nth, A.D. 1899, at 0 h. 22 m. after mean sunrise. 

losing Tables XXXI. and XXXI.A as directed (§ 137) we have 5001 (the given year) — 4955 
(the year in which the cycle began) — 46 -f i = 47 Pramadin. Pramadin began in K.Y. 3001 ; and 
46 Paridhavin began in K.Y. 5000, and was the required saihvatsara current at Mesha sarhkranti of 
K.Y. 5001. We have to find the time of beginning and ending of this ParidhSvin. 

d, 

(Table XXXL) Prabhava K.Y. 4955 .... 307.4299 

(Table XXXLA ) 46 Paridhavin ..... — 190.7294 

116.7005 
d. A. m. 


This (FrtA/^j AWAI7.) . . . . 

. . . 116 

16 

49 

True Mesha (as found) 

. . .+ 101 

0 

22 

Paridhavin began 

, . . 217 

17 

II 

B.S. and .S;. Sird, year-length 

. . .+ 361 

0 

29 

Paridhavin ended 

• . • .578 

17 

40 


217 and 578 are respectively, by Table IX., August 3th and August ist. Therefore we have found 
that 46 Paridhavin, according to the Brahma Siddhdnta and Siddhdnta Sirdmani, began on August 5th, 
A.D. 1899, at 17 h. Ti m., and ended on August ist, A.D, 1900, at 17 li. 40 m., after mean sunrise at 
Lanka. 


By the Second Arva Siddhanta. 


167B, Dr. Fleet tells me that the late Mahamahopadhyaya Sudhakara Dvivedi, of Benares, 
was engaged in editing this work, but it is not known here how far he lias gone with it, and whether 
any instalment of it has yet been published. Dr. Fleet adds that, as far as can be ascertained, no other 
text of it has l>een published, and no translation, and there seems to be not even a manuscript of it 
anywhere in Europe. Bentley’s Hindu Astronomy (1825), p. 139, gi^^es the following details of such 

‘ Dr. Fleet has tested thin result for mean M^ha Bamkranti in K.Y. 5000 expired in another way, namely, by using 
the Julian period a}» tabulated by Dr. Schram in his Katendarioyraphischf und Chrondoyiwhe, Tap In (1008). According to 
this the sunrise epoch of the Kali,Miga was the day 588,46(1 elaps(‘d. 'riu* leiijydh of the solar year according to the Br&knm 
Siddhanta and 8iddh&nta i^irOmani is 365.2.58i375 days. 5000 of these years * 1,826,202.1875 days To this odd the epoch, 
i.f.f 588,466 days elai>sc<l. Total of elapsed days, 2,414,758.1875. The Julian day corresponding to 0 April, 1899, is 2,414,745 
days elapsed. Deduct this from the total. Remainder, 13.1876 days. 0.1875 •= 4 h. 30 m. 2,414,758 -r 7 gives remainder 
3 = Thursday.* If we add to my result the 30 seconds necessary for very accurate calculation of the time of true M5sha 
saihkrftnti according to the Arya SiddhdnUi (net ** HinU No. 20, below), which samkrfinti occurred actually at 6 h. 7 ih. *30 s., 
and not, as tabulated in 1'able I., at 6 h. 7 m. exact, then my result is precisely the same as his, i.e., April 13th at 4 k* 30 m. 

* The indian CaUndur method of reckoning makes Thursday the day No. .'ll 1 being Sunday. The Julian period begins with 1 as Monday. 
Hence when calculated for current days Thursday would bo 4, but for iiapted days, as here used, the first is Tuesday ; and so Thursday has the 
numeral 8. This last Is the system atlopiod In Dr. Schram’s Kdiftnd. und Chron. Tn/eln (1908), p. 70, and used hero by Dr. Fleet. 

In caleulatiiig by days of the KaUyuga, which is often done, note that, siuoo the Kaliynga begins on a Friday, whop durront days are used 
the proper numerals are 1 Friday, 2 Satmday, and when elapsed days are used the proper numerals are i Saturday, 2 Sunday, and so on. 

I am Indebted for this note to I>r. Fleet. .... 
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of its contents as are concerned with our present purposes. The Second Ary a Siddhdnta uses the sunrise 
beginning of the day for astronomical as well as for civil purposes. It states its elements as for the 
Kalpa of 1000 mahayug^, but it applies them from the expiry of 3,024,000 years after the beginning 
of the Kalpa, and so places at that point the commencement of the motions of all the planets, &c., 
starting from a general conjunction at the first point of Mesha ; that is, it allows 3,024,000 years (just 
as the Present Surya Siddhdnta allows 17,064,000 years) for the process of creation. 

Reduced to the mahSyuga, its figures give i>577»9i7»542 civil days and 364,219.682 revolutions of 
Jupiter in 4,320,000 years. And Dr. Fleet has calculated that it thus places Jupiter at the sunrise epoch 
of the Kaliyuga in 357® f 12", precisely as stated by Whitney in Surya Siddhdnta (translation), p. 281. 

167c. This result differs rather appreciably from the positions assigned to Jupiter— either 
0 M 5 sha, or much nearer thereto — by the other authorities. And Dr. Fleet adds that the elements 
of the Second Arya Siddhdnta are stated in the katapayadi system of expressing numbers — a system 
which might perhaps lead to the introduction of mistakes.^ In these circumstances I think it would 
be rather dangerous to tabulate for the sariivatsaras of Jupiter according to this work until we hax e 
a critical edition available of, at any rate, that part of it which contains the elements. Moreover, 
if Mr. Sh. B. Dikshit was correct in his belief, this work “ docs not seem to have been anywhere in 
use for a long time.” (Ind, CaL, p. 8.) 

There will be no harm, however, in stating the various elements, so far as we can gather them at 
present, in a List similar to that given for the other authorities. If hereafter the figures are found to 
be correct, the proper tabulation can be made from them in a day’s work. If not, the figures can of 
course be corrected. At present they stand as follows : — 

A. Civil days in a Mahayuga i> 577 » 9 i 7>542 days. 

B. Revolutions of Jupiter in that period .... 364,219.682 

C. One revolution, A -f* B 4332.323649659 days. 

D. One samvatsara, (" -f 12 361.026970805 days. 

(361 d. 0 h. 38 m. 50 s.) 

E. T.ength of solar year 365.258690278 days. 

E. Burgess, Saryn JSiddh p. 24 . (365 d. 6 h. I 2 m. 30.84 S.) 

J. Burgess, *V., 1893 , p. 722 . 

F. Difference between solar year, E, and samvatsara, D 4.231719473 days. 

(4 d. 5 h* 33 ni. 50 s.) 

(i. fiodhya in K.Y. 0, as fixed by Dr. Schram . . . 2.171972 days. 

(2 d. 4 h. 7 m. 38 s.) 

H. F X 60 (cycle difference) 253.903168380 days. 

I . E — H, additive difference for successive cycle- 

beginnings 111.333521898 days. 

Jupiter’s place at K.Y. 0, mean Mesha sarhkranti . . 337 ° f 

This position of Jupiter at the epoch of the Kaliyuga w'ould cause a w 4 de difference between this 
and the other authorities in the matter of the currency in solar years of the sariivatsaras of Jupiter and 
of the expunction of the latter from time to time.^ 

' Sec his notes on this system in »/oMr. li. Soc., 1911 , p. 788 ; and 1912 . 

® Since the above was in the Press I have received a communioation from Dr. Fleet, informing me that he has now 
received a copy of M. S. Dvivodi’s edition of the Srcotid Arya aiddhiinUt ; and that on examination of the text he finds that 
the elements of this Siddhanta are exactly as statotl in j| 167 b. The elements, therefore, as given in § 167 o are correct. But 
sinoe the position of Jupiter according to that authority at mean Mesha samkranti of K.Y. 1 current dilTers widely from that 
stated by the other Slddhantos. the tabulation for the Jovian sariivatsaras by it requires special study, and it W too late for 
me to present the tables in the present volume. I hope to do so elsewhere and with no long delay. 
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Calculation with reference to mean Mesha samkranti. 

168. It is not necessary to frame separate tables for work in order to test a case of a HindQ 
calculator having referred the beginning-time of a Jovian cyclic year to the mean, instead of to the 
true or apparent MSsha samkranti ; for the day, hour, and minute when that samvatsara began will 
always remain the same. The only point necessary to be remembered is that, mean MSsha samkranti 
taking place later than the true Mesha samkrSnti by the amount of the §6dhya interval (quoted above 
as “ G ” for each separate authority), whenever a Jovian samvatsara is found on calculation by the Tables 
to have begun in less than this quoted ^Sdhya interval after apparent MSsha samkrSnti, that samvatsara 
was not current at the moment of apparent Mfsha samkranti, but was current at the moment of mean 
Mesha samkranti. Such a samvatsara must, therefore, with reference to apparent MSsha saihkrSnti, 
be an e.xpunged samvatsara, since it began after that moment and must have ended before the moment 
of the next apparent Mesha samkranti ; and with reference to mean MSsha sathkrSnti the preceding 
samvatsara must have been expunged. 

169. Supposing No. 2, Vibhava, to be a samvatsara quoted in an inscription as giving its name 
10 the current j’ear, and therefore current at Mesha saihkrlnti in that year, and supposing we find by 
our Tables that it began 2 d. 3 h. after apparent Mesha samkranti ; we should know at once that, 
whether the Arya or Siirya Siddhanta had been used, the framer of the record had reckoned by mean, 
and not by apparent, Mesha samkranti ; because, if the latter had been the basis of reckoning, the 
samvatsara current at that apparent M§sha samkrinti and therefore giving its name to the year would 
not have been 2 \’ibhava but 1 Prabhava, and 2 Vibhava would have been expunged. It began, according 
to either Siddhanta, within such a short time after apparent Mesha samkrSnti that its ending, 361 days 
and a fraction later, must have occurred prior to apparent MSsha samkranti of the following year, and 
therefore it was not current at the astronomical beginning of either of the solar years concerned. 

Calculations in India previous to about A.D. 1000 may always have been made with mean MSsha 
samkranti as the basis for ascertaining the coincidence of Jovian samvatsaras, and if it is desired to work 
our Tables on that basis it can be done in the following manner. Take the example in § 147 above (iii). 
Table XXVH. shows that in K.Y. 4362 No. i Prabhava began 315.4215 days after apparent MSsha 
samkranti. The Sitrya Siddhanta sudhya being, as stated, taken as 2.1707 days we know that Prabhava 
began (315.4215 — 2.1707) 313.2508 days after mean Mgsha sarhkranti. By Table XXVII.A we 
find that No. 35 Plava of that cycle began 143.8892 days less than 313.2508, i.e., 169.3616 days after 
mean Mesha samkr^ti, or 169 d. 8 h. 41 m. after it. Now from Table I. we have it that in the corres- 
])onding solar year apparent Mesha samkranti occurred on the 85th day at i h. 45 m. Therefore, mean 
Mesha samkranti occurred 2 d. 4 h. 6 m. (the Sodhya interval) later, i.e., on the 87th day at 5 h. 51 m. 
87 d. 5 h. 51 m. + 169 d. 8 h. 41 m. = 256 d. 14 h. 32 m. 256 = Table IX., September 13th, A.D. 1295. 
And Plava began on that day at 14 h. 32 m. both when the calculation is made from apparent and from 
mean Mesha samkrSnti (see § 147). That is to say, the time-result is the same in both cases. The only 
difference lies in the fact that Plava began 169 odd days after mean, but X71 odd days after true MSsha 
samkranti. And nothing is ever affected by calculating preferentially from one or the other basis except 
the question of the currency at mean or true MSsha samkranti, as already stated. 


Difference in mode of reckoning in Northern and Southern India since 

ABOUT A.D. 908. 

170. The astronomical basis, explained above, of calculating the samvatsaras and naming after 
them the solar years still prevails generally in Northern India. In Southern India it was in use down 
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to at least about A.D. 900. A grant of the RSshtrakOta king Govinda III. from the Kanarese country, 
issued in a year corresponding to A.D. 804,^ helps to prove this so far as concerns that time and place. 
But from the beginning of that cycle which by the Surya SiddMhita began with i Prabhava in A.D. 906 a 
change took place. The northerns continued, as before, calculating for the Jovian sarhvatsara current 
at ^the astronomical beginning of the solar year ; but the southerns neglected all expunctions of 
samvatsaras after that time, ran on the complete cycle of sixty samvatsaras without expunctions, and 
generally, in tracts where lunar reckoning was employed, connected the sarhvatsara with the beginning 
of the lunar year. So that in every period of sixty years during which an expunction of a sarhvatsara 
of Jupiter took place in the north there was a difference of one sarhvatsara between the nomenclature 
of the year in the north and in the south ; and by A.D. 1900 the sarhvatsara current in the north was 
No. 46 against No. 34 in the south. All this being clearly shown, for the Silrya Siddhdnla, in Table I. 
of the Indian Calendar^ no further explanation is here necessary to be given. 

171. The year K.Y, 4264 may be quoted as an example. According to northern reckoning 
the sarhvatsara No. 20, Vyaya, was current at Mesha saihkranti of that year, i.e.y on March 24th, 
A.D. 1163. It was also current in January of that year. But in an inscription from Anumakonda 
of the Kakatlya king Rudradcva, of date corresponding to January 19th of that year, “ 16, Chitrabhanu ** 
is quoted as the sarhvatsara of the lunar year ; this is in southern reckoning (see Kielhorn's LisL Epig. 
Ind. VII., App. loi. No. 584). 

172. No calculation for the beginning or ending of the Jovian sarhvatsaras is necessary for this 
southern reckoning. At the beginning of each solar or luni-solar year, according to local practice, the 
number and name of the sarhvatsara changes serially, as if automatically, because there is never any 
expunction. 

173. The entries in col. 6, Table I., of the Indian Calendar show the southern sarhvatsara 
connected with each of the luni-solar years. If it is desired to test the accuracy of such an entry, or to 
test a case where, previous to A.D. 908, a sarhvatsara given in a date is found not to correspond with 
the Tables, this can be done for luni-solar years by the following rule : — Add 11 to the current fiaka 
year, and divide by 60 ; the remainder is the corresjx)nding cyclic sarhvatsara required. 

E.g. — For the luni-solar year beginning March 14th, A.D. 910. The current Saka year is 833, 
This + II = 844 -5-60 — 14 with remainder 4. No. 4 Pramoda was the sarhvatsara coupled with 
that year in the south of India. (In this method of calculation remainder 0 gives No. 60, Kshaya, as 
the required sarhvatsara.) 


THE TWELVE -YEAR CYCLE OF JUPITER, 

174. In this system, believed to be the older of the two, the Jovian sariivatsaras are named 
in succession, not according to the names of the sixty-year cycle but according to a cycle of twelve years, 
five of these cycles going to one sixty-year cycle in regular order. The sarhvatsaras of the twelve-year 
cycle are quoted either after the name of the sign (Mesha, Vrishabha, &c.) in which Jupiter stood, or after 
the names of the twelve lunar months, beginning with Alvina (ASvina, Karttika, &c.). In the latter 
case, that of the twelve-year cycle lunar-month names, the names were sometimes distinguished by the 
prefix fnaAtf, ** great,” e.g., ” MahS-Chaitra,” ” Maha-VaiSSkha,” &c.^ 

175. These names are applied to the sarhvatsaras according to the nakshatra in which Jupiter 
stands on entering a sign of the zodiac. The name ” (Maha)-ASvina ” is applied to the sarhvatsara at 

Ind. Ant., XL, 126; XXIIL, 122, No. 66. The Baravatgara quoted is in northern (astronomical) reckoning. 

® This prefix figures in records of the Gupta series, but not in the Kadamba records {Ind, Ant, VI,, 2y ; VII., 36) from 
Southem-Indku 
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the beginning of which Jupiter enters the sign MSsha because at that moment he also enters the nakshatra 
Ainnl, and so on. (For the correspondence of nakshatras and signs see Table XXII.) We have to 
learn how these twelve-year cycle namesstonform to those of the sixty-year cycle, and also to know how 
to find the position of Jupiter amongst the nakshatras and signs. His position is calculated sometimes 
by his mean motion, sometimes by his apparent motion. The habit of the people who used this system 
— notably the people of Malabar and Tinnevelly— was to specify the sign in which Jupiter stood at a 
particular time. Suppose an inscription to state that Jupiter was in MSsha at the time recorded. Since 
there are five cycles of twelve saihvatsaras in one cycle of sixty samvatsaras, the fact that Jupiter was in 
MSsha means that he was either in (see Table XXXII.) 3 Sukla, dr 15 Vrisha, or 27 Vijaya, or 49 
Vi^vavasu, or 51 Piiigala. 

176. The easiest way to find which of the five possible sixty-year cycle samvatsaras corresponds 
to a given twelve-sign cycle saihvatsara is to refer to Table I. If, for instance, an inscription gives 
the date as in the Kollam year 427 with Jupiter in M6sha,^ we refer to Table I. and find that Kollam 
427-428 corresponds to the northern sixty-year cycle No. 51 Piiigala ; and reference to Table XXXII. 
shows that Pihgala was a year in which, by his mean longitude, Jupiter stood in MSsha. 

Another way is to subtract from the number of the given year, converted to A.D. reckoning 
or to that of the Kaliyuga, the number of the year, by either of the latter, in which the first of the 
sixty-yeai- cycle, Prabhava, began, as given in Tables XXVII., XXVIII., XXIX., XXX. or XXXI , 
according to the different authorities. The given year was Kollam 427. As this begins in the month 
Simha or Kanya the MSsha with which we are concerned is that of K.Y. 4354 expired, or A.D. 1253. 
No, I Prabhava of the sixty-year cycle liegan, by all the authorities noted in my Tables, in K.Y. 4303, 
or .\.D. 1202. 4354 — 4303, or 1253 — 1202 — 51. No. 51 is Pihgala, and by col. 3, Table XXXII., 

Jupiter was, during Pihgala, in Mesha. 

177. Table XXXII. shows the corre.spondence of the sixty-year cycle names with the position 
of Jupiter, calculated by his mean motion, in the twelve signs. The Table is applicable to both Northern 
and Southern India down to closefy about A.D. 909, and after that date to Northern India only. Tlie 
samvatsaras both of the twelve-year sign system (cols. 2, 3, Table XXXI J.) and of the si.xty-samvatsara 
cycle are similar in length and begin at the same moment. 

Jupiter’s me.\n i-oxgitudr. 

178. For special purposes we often want to know more than the correspondence of these names 
and signs, V'c may want to know Jupiter’s longitudinal position amongst the signs on a particular 
day or hour (A) with reference to his mean, or (B) to his apparent longitude : or (C) the same with 
reference to the nakshatras. These are dealt with in the following sections. 

179. In the “Additions and Corrections” to the Indian Calendar, pp. 155-161, we published 
a set of Tables with instructions for use, showing how to find both the mean and true longitudes, in other 
words the mean place and the true place, of Jupiter for any year, day and time, in ghatikSsand palas. 

I now republish these in somewhat different form. 

In the first place 1 have altered Table W., “ For finding the mean place of Jupiter,” by giving 
the constant at the heading not as from Saka i current, but as from the epoch of the Kaliyuga. This 
enables us to obtain the mean place of Jupiter for the beginning of any year from 3102 B.C., instead of 
being able to begin only from Saka i current or A.D. 78. It also simplifies work by eliminating the 
necessity for using any set of figures as constants for some of the Siddhintas. That this course yields 
precisely the same results as does Table W is easily proved. I work by my new Table for the beginning 

’ As in Kieihorn’s No. 2 in Indian Antiqw^, Vol. XXV. (1800), p, 04, 
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of the year Saka i current. That year corresponds to K.Y. 3180 current. The interval between it and 
K.Y. I current is 3179 years. By my new Table XXXIll. we have— 
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And these results are exactly the same as those at the head of Table W, being there given as constants 
from which to work when using the Saka era. Additional figures are given in Table XXXIII. for an 
interval of 4000 years and 5000 years. 

180. Table Y in the Indian Calendar gives the mean motion of Jupiter and the sun, the latter 
being required for finding his true motion. This Table is now repeated as Table XXXIV. It stands 
for all the SiddhSntas because the difference between them, being about 1 Uth of a second per day, only 
amounts to about 2.4^ in the Julian year. {See Table XXXVILy col. to.) But when we come to greater 
periods the difference in the length of the year by the different HindQ authorities must be taken into 
account, since the divergence between them begins from the epoch of the Kaliyuga and our calculations 
cover a period of 5000 years. Hence the divergence observable under the different headings of 
Table XXXIII. 

180.^. At the foot of Table Y of the Indian Calendar we gave directions for the computation of 
Jupiter's mean motion for portions of a day calculating by ghatikas and palas ; but as many workers may 
prefer to proceed by hours, minutes and seconds,! have added a supplemental Table enabling this to be done. 

i8r. The figures in the Tables are derived from calculations made as follows : — 

According to the Present Surya Siddhdnta, both with and without the blja, the Original Silrya 
SUldhdnta and the First Arya Siddhdnta (of Aryabhata) the planet Jupiter was, at the epoch of the 
Kaliyuga era in exact coincidence with tlie mean sun, both being then precisely on the first point of 
sidereal Mesha, or the point in the heavens whence all longitudes are measured ; in other words Jupiter's 
longitude, like the sun's, was then 0®. This moment, according to both the Arya Siddhdnias, the Brdhma 
Siddhdnta and the Siddhdnta Sirdmaniy was mean sunrise, or 6 a.m., on February i8th, 3102 B.C. ; but 
according to both the Sftrya Siddhdntas was at midnight between February 17th and i8th, or six hours 
earlier. Jupiter's mean dailj^ and annual motion are obtained, according to the different authorities, 
each from its assertion as to the number of civil days in a mahajmga (A) and the number of revolutions 
of Jupiter in that period (B), as already explained. (A -f B) -f 12 gives the length of one Jovian sam- 
vatsara ; and one sign, 30°, divided by this length gives the mean daily motion. This mean daily 
motion multiplied by the solar year-length gives the mean annual motion. This last forms the basis 
of Table XXXIII., decimals of a second being omitted for convenience. 

Having been at 0®, according to the Surya Siddhdnta, at the moment of mean Mesha samkr^nti 
at K.Y. 0, Jupiter's mean longitude one whole day later was 4' 5(/, two days later 9' 58"', one year later 
I s. 0® 21' 6^ two years later 2 s. 0® 42' 12'". And so for all. But in the case of the Brdhma Siddhdnta 
and Siddhdnta Siromani the constant given in the heading, viz., 32' 24^, must be deducted from the 

' **14 ’* in Table W is a misprint. 

“ “ 4 in Table W i« also, I regret to say, a misprint. ^ ^ 

7 A 
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result. Table XXXIII. thus gives the mean longitude at mean MSsha samkranti in any year later than 
K.Y. 0 ; and Table XXXIV. gives us the increase in his mean longitude for any number of days, hours 
and minutes elapsed to the given moment from mean MSsha samkranti of the year concerned. 

182. To find the mean longitude of Jupiter, therefore, by the Tables on any day we first find 
the time of the true MSsha samkranti of the year in question from Table I., or as shewn below in 
Examples 1 and 3 ; add to it the Sodhya interval according to the authority we are using (see foot of 
Table XXXIV.), and thereby find the moment of mean Mesha samkranti. Calculating the number 
of complete years from mean Mesha samkranti of K.Y. 1 current to the mean MSsha samkranti of the 
given year, we find Jupiter’s mean longitude at that last moment by Table XXXIII. The corresponding 
increase in mean longitude during the interval between mean MSsha samkranti in the given year and 
the given moment is obtained from Table XXXIV. and is to be added to the mean longitude at mean 
Mesha samkranti. We then have Jupiter’s mean longitude at the given moment as required. 

The sun’s mean longitude at the given moment is calculated by Table XXXIV. alone, from the 
interval between mean Mesha saihkranti of the given year and the given moment ; since his mean 
longitude at mean MSsha samkranti of every year is 0 ®. 

183. We cannot find Jupiter’s true or apparent longitude without first determining the mean 
longitude both of the planet and of the sun. As we must therefore always begin by these operations 
it will be well to illustrate them by an example. 

In E. Burgess’s “ Surj-a Siddhanta ” will be found, on p. 34, a Table, giving amongst other 
information the mean place of Jupiter according to that authority, both with and without the bija, at 
midnight l)etween December 31st, A.D. 1859, and January ist, A.D. i860. I proceed to calculate the 
same by the present Tables, following the Siirya Siddhania. 

The given moment fell in K.Y. 4961 current (Table /.). The number of whole years from mean 
Mesha samkranti K.Y. 0 to mean Mesha samkranti K.Y. 4961 is 4960. Apparent MSsha samkranti 
in K.Y. 4961 took place (Table I.) on April 12th (day 102), A.D. 1859, at 0 h. 16 m. after mean sunrise. 
Adding the ^fldhya interval we find that mean MSsha samkranti took place 2 d. 4 h. 6 m. later, namely, 
on April 14th (day 104) at 4 h. 22 m. The interval from April 14th (104), 4 h. 22 m., to December 31st 
(365) 18 h., or midnight, is 261 d. 13 h. 38 m. We therefore take down the figures from Tables XXXIII 
and XXXI\’. for 4960 y. 261 d. 13 h. 38 m., and add them together. This is the time elapsed from 
mean Mesha samkranti K.Y. 1 current, or the eiK)cli of the Kali3ntga, to the given moment. 


1 


Surya Riddh. 

B^tya Siddh. with htjn. 

1 

B. 

0 

/ 

0 

E. 

0 

/ 

m 

4000 years • • • • i 

2 

26 

40 

0 

2 

24 

0 

0 

900 „ ..eel 

10 

16 

30 

0 

10 

15 

54 

0 

00 „ • . f s ; 

0 

21 

0 

0 

0 

21 

3 

30 

200 days 

0 

16 

37 

9 

0 

IG 

37 

9 

60 „ .... 

0 

4 

59 

7 

0 

4 

59 

7 

1 day . . . . 1 

0 

0 

4 

59 

0 

0 

4 

59 

10 hours .... 

0 

0 

2 

5 

0 

0 

2 

5 

3 „ . . . . , 

0 

0 

0 

37 

0 

0 

0 

37 

38 minutes 

0 

0 

0 

8 

0 

0 

0 

8 


2' 

26 

0 

5 

2 

22 

41 

41 


Remember that there are 30* to 1 sign, and only 12 signs. 



THE CYCLE OF JUPITER— JUPITER^S TRUE LONGITUDE, (xj 

According to the calculation made by the authors of Burgess’s “ Surya Siddhanta ” the 
mean places of Jtipiter at the given moment by that authority with and without the bTja were found to 
be 2 s. 26® 0' 7^ and 2 s. 22® 41' 41^ respectively. My result is prec'isely the sanu^ in one case, and only 
2 ^ different in the other. Further proof of the accuracy of my Tables will be found in Example 61 
below. 


Jupiter’s true longitude. 

184. I give below (pam, 184A) an exact reproductu)ii in my own words of the process laid down 
by Mr. Sh. B. Dikshit for finding the true or apparent longitude of Jupiter on any day. It will be found in 
§ 160 (c), pp. 155-157 of the Indian Calcndary “Additions and Corrections.” Mr. Dikshit was a most 
painstaking, careful and accurate worker, well versed in the Hindu astronomy and 111 European mathe- 
matics, and it is to be assumed that his jn-ocess represents faithfully the method which would have been 
adopted, probably which adopted, by HindQ calculators in both ancient and recent times ; at any 
rate until tire period when they began to depend on European almanacs and astronomical methods, 
li such be the case, results obtained by the use of his process will more accurately tally with the figures 
and fixtures of a date as calculated and determined by a Hindu Paftchang than will any result obtained 
by a process used by a trained European astronomer. And it is for that reason that I have considered 
it advisable to reproduce in its integrity Mr. DikshiCs method of calculation. 

But I am bound to warn my readers that Mr, Dikshit’s method is open to criticism in two 
respects. Mr. A. C. D. Crommelin, of the Greenwich Observatory, has most kindly subjected the process 
to a close examination, and he raises the following objections to it. Tlie first operation, after ascertaining 
the mean longitude of Jupiter as well as that of the sun at the given moment, is to deduct the latter 
from the former, thus obtaining the angular distance of mean Jupiter from mean sun ; calling the result 
“ V,” or “ the first commutation.” The next process is to apply half the parallax of Jupiter to Jupiter’s 
mean longitude, and then to subtract from the sum the longitude of Jupiter’s aphelion, in order to 
obtain the anomaly which I call “ W.” Now Mr. Crommelin points out that it is wrong at this stage 
to apply any parallax at all ; for, so far as the calculation has proceeded, we are not concerned with the 
earth’s orbit or the earth’s position in any w^ay, but only with the relative position of Jupiter and the 
sun with reference to the fixed sidereal first point of Mesha. To apply the parallax as advised is certainly 
wrong from a consideration of the true system of the universe, and ai)parently would be equally wrong 
even from a Hindfi point of View. 

If the application of half the parallax were omitted from Mr. Dikshit’s process at this stage, the 
greatest difference in the result would be about half a degree. 

The next process, after having found Jupiter’s anomaly, is to find from it the proper equation 
of the centre; and, deducting this from Jupiter’s mean longitude and from the ” first commutation,” V, 
to obtain Jupiter’s heliocentric longitude, X, and the “ second commutation,” Y. Mr. Crommelin 
states that there has been omitted from this operation the application of the sun's equation of the centre 
to the sun’s longitude, which is necessary in order to find his true longitude (the important point here) 
from his mean longitude as already found. The greatest solar equation of the centre is about 2® 10' 33''. 

184A. With this preface by way of warning, I proceed to explain in detail Mr. Dikshit’s system 
for finding Jupiter’s true or apparent longitude.^ 

(i.) First find the mean longitudes of Jupiter and the sun as directed above. 

* The apparent longitude of a planet in HindQ astronomy is its actual angular distance from the fixed first point of 
MSsha, measured along the ecliptic. Its mean longitude is this calculated angular distance as it would bo if the planet moved 
with an^imvarying or mean velocity. 



70 


INDIAN CHRONOGRAPHY. 


(ii.) Subtract the sun’s mean longitude from that of Jupiter. Call the result “ V/’ If V is more 
than six signs subtract it from twelve signs and use the remainder for the next process. 

(iii.) ^Vith y or this remainder as argument find the parallax^ by Table XXXV, below. Parallax 
is mtnt 4 $ when V (not the “ remainder,” but V itself) is not more than six signs, plus when it is more than 
six. Apply half the parallax to the mean longitude of Jupiter, and subtract from the sum the longitude 
of Jupiter’s aphelion as given, for some of the Siddhantas, at the foot of Table XXXV. The remainder 
is the anomaly.- If it is more than six signs subtract it from twelve signs and use the remainder. Call 
the result “ W.” 

(iv.) With W as argument, find the equation of the centre by Table XXXV. This is minus 
when W is not more than six signs, plus when it is more than six. For ordinary purposes the equation 
ma\^ be taken by whole degrees ; r.g., if \\ is less than 149° 30', take the equation for 149® ; if it is more 
than 149® 30' take the equation for 150® ; and so with parallax. If great accuracy is necessary the 
intervals may be divided proportionately. Apply the equation of the centre to the mean longitude of 
Jupiter and the result is the heliocentric longitude.^ Call this ” X.” 

(v.) Apply the equation of the centre, plus or minus, to V. If the result is more than six signs 
subtract it from twelve signs and use the remainder. Call the result ” Y.” 

(vi.) With Y as argument, find the parallax by Table XXXV. (minus or plus as in (iii.) ). Apply 
it whole to X, and the result is Z, Jupiter’s apparent longitude as required. 

185. I take the example given at p. 156 of the Indian Calendar. We want to know the position 
of Jupiter at mean sunrise on a day corresponding to March 12th, A.D. 1215. The full working for 
Jupiter’s, and the sun’s mean longitude at that time is given in Example 61 below, and I need not here 
repeat it. I use for process (i.) the figures there found, according to the Arya Siddhdnta — 

(i.) Jupiter’s mean longitude === 10 s. 17® 56' 48^ and that of the sun ii s. 14® 45' 28^". We 
now work for Jupiter’s apparent longitude by the rule given. 

(ii.) ^^’e subtract the sun’s mean longitude from that of Jupiter, adding twelve signs (= 360®) 
to the former to enable us to do so. 


s. 

0 

/ 

ft 

22 

17 

56 

48 

— II 

14 

45 

28 

V == 11”“ 

3 

11 

20 — first commutation. 

This being more than six signs we use for the next process the remainder from twelve signs. 

s. 

0 

/ 

tt 

12 

0 

0 

0 

— II 

3 

26 

II 

■48 " 

20 

> 


^ Parallax, in its ordinary tieubc, is tho difference between the direetion of a celes^tial object aa obberved from the earth’i 
surface and itn direction at. it >vf»uld be obBerved from the centre of the earth ; or the angle subtended at tho object by that 
radius of the earth which is dra\Mi from the centi^ to tho obseiver. When the object is in tho observer’s zenith parallax is 
nil. It is greatest \\'hen the object is in the observer's horizon. Another sense in which the v'ord parallax is used by 
astronomers represents the apparent shift of a heavenly body due to the earth’s movement round the sun ; and in this sense 
parallax is tho angle subtended at the body in question by the line joining tho earth and the sun at the time. For distinction 
this is often referred to as ** annual parallax,” and it is this latter with ^vhich wo are concerned in finding tho true place of a 
planet. 

- For definition of " anomaly ” see Indian CuUndar^ p. 5, n. 4. 

^ For definition of ” equation of the centre ” see ihid^ p. 60, i 107. 

^ The heliocentric longitude of a planet is its longitude as seen from the sun ; or the angle formed by lines drawn 
(i.) from the sun to the fixed first point of M^ha ; (ii.) from the sun to the point where a groat oirole passing through the pole 
of the ecliptic and the planet cuts the plane of the ecliptic. 



THE CYCLE OF JUPITER— JUPITER’S TRUE LONGITUDE. 


71 


(iii.) Parallax for 27® is (Table XXXV.) 4“ 20'. V being more than six signs tliis is additive. 
We therefore add half to the mean longitude of Jupiter. 


S. . 0 

/ 



10 17 

56 

48 


+ 2 

10 

0 


10 20 

Subtract ... 6 0 

6 

0 

48 

0 

( Long, of Jupiter’s aphelion 

1 by the Arya Siddkdnia, 

W =4 20 

6 

48 = 

Jupiter’s anomaly. 

(iv.) 4 s. 20° — 140°. Equation of centre for 

140® 

(Table 

X.Y.YF.) - 3® 25'. V’ IS less than 

six signs, and therefore the equation is subtractive. 

It has to be subtracted from the mean longitude 

of Jupiter, 

S. 0 

/ 

ft 


10 17 

56 

48 


— 3 

25 

0 


X =.^ 10 14 

31 

48 ^ 

Jupiter’s heliocentric long; 

(v.) Deduct the same equation of the centre from V. 



11 3 

II 

20 


— 3 

25 

0 


Y = 10 29 

46 

20 ~ 

second commutation. 

This is more than six signs and is therefore deducted from twelve signs. 

S. 0 

t 



12 0 

0 

0 


— 10 29 

46 

20 



I 0 13 40 

(vi.) Parallax for is., or 30° (Table XXXV.) =4“ 49'. This has to be applied to X, and 
because X was in this case more than six signs it is additive. 

s. o ' » 

10 14 3^ 48 

+ 4 49 0 

Z 10 19 20 48 = Jupiter’s apparent longitude. 

We have therefore determined that at mean sunrise on March 12th, A.D. 1215, or the i8th Mina 
of K.Y. 4315 expued, the apparent longitude of Jupiter was 10 s. 19® 20' 48*, or 319® 20' 48". By 
Table XXll. we find that, by his apparent longitude as well as by his mean longitude Jupiter was then 
in the sign Kumbha. 

186. I have tested by the present method a date published by the late Professor Kielhorn (Ind. 
Ant., XXV., 1896, p. 174, No. 16) of the Kollam era in South India. The date and time correspond to 
noon on April 3rd, A.D. 1607, or the 6th Mesha, K.Y. 4708 expired, and he found that at that moment 
Jupiter’s mean place was ii s. 5® 55', and his true place was ii s. 9® 16'. By Mr. Dikshit’s method, 
and using the SUrya SiddhSnta, I find Jupiter’s mean place to have been 11 s. 5* 5^^ and his true place 
II s. 9® 22'. The difference between us is only i' in mean and 6' in true longitude. I am not aware 
how Professor Kielhorn worked in order to obtain his results, but I conclude that in all probability 
he calculated by the system published by him in the Indian Antiquary, Vo\. XVIII. (1889), pp. 193 ff-» 3®® 

187. The general reasons for the adoption of the above process will be better understood after a 
short explanation. We have to find the apparent longitude of Jupiter as seen from the earth at the 
given moment. It is easy by our Tables to determine for any moment the mean longitude of Jupiter 
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and the mean longitude of the sun. Deducting the latter from the former we have our “ V,’* i.e.t the 
angular distance of mean Jupiter from mean sun. The true heliocentric longitude of one of our planets, 
or his longitude as seen from the centre of the solar system, is his mean longitude plus the equation of 
the centre ; and the latter is calculated from his mean anomaly, which is dependent on his perihelion 
point. (Indian Calendar, p. 5, w. 4,) Since this point is separated by exactly 180® from the aphelion 
point we subtract the longitude of the latter from Jupiter’s found mean longitude and thus obtain his 
angular distance in mean longitude from the perihelion jx)int, which is the required mean anomaly, “ W.” 
From the mean anomaly thus found we find by the Table the proper equation of the centre, and, applying 
it to Jupiter’s mean longitude, find his true heliocentric longitude, “ X.” But this is his position as 
seen from the sun, and to obtain the same as seen from the earth, which daily shifts its position, we 
have to apply the proper equation for parallax, Mr. Dikshit’s principle is to find the proper parallax 
by applying the equation of the centre to the angular distance of mean Jupiter from mean sun (our “ V ”), 
the operation resulting in his second commutation ” (our Y ”) ; and thence calculating the parallax 
by the Table. Applying this parallax to '' X,” the heliocentric longitude of Jupiter as found, he finds 
the required apparent longitude of Jupiter at the given moment as seen from the earth. 

As I have already stated, Mr. Crommelin takes exception to portions of Mr. Dikshit’s system. 


NOTE ON THE PREPARATION OF TABLE XXXVIII.B. 

Continuation of Table L of the Indian Calendar to A,D. 1950. 

188. This Tabic, prepared to meet contingencies of the present day, carries on all the details 
of Table 1 . of the Indian Calendar, which ended with A.D. 1900, to the year 1950. To preserve 
complete continuity and prevent confusion it is calculated precisely , in the same way as the former. 
That is to say, cols. 8 to 12 and 19 to 25 are computed by the Snrya Siddhdnta with the bija, the European 
dates being, of course, in New Style. 

189. For the times of apparent Mesha sarhkrantis the figures for cols. 13 to 17A were separately 
calculated, for the Ary a Siddhdnta by the annual increment, and for the Surya Siddhdnta after conversion 
of the former by use of the Table on p. 55 of the Indian Calendar ; every result being checked by reference 
to the figures of the year removed from it by an interval of 576 years. (§ 47 above.) 

190. The next process was the calculation of the beginning of the luni-solar year, cols. i()-25. 
We have to find the a, b, c for sunrise on the civil day following the moment of the new moon next later 
than the moment of apparent Mina samkranti in each year. (Cols, 13-iya.) Professor Jacobi has 
given us the increment in a, b, c, for a century as a — 1468.7, b = 450, c = 2.4,^ but this is for an ordinary 
century. In the present case, the year A.D. 1900 not having been a leap-year the figures must be 
increased by the value of a day, viz. ; a = 339, 6 = 36, c = 3, and they amount to a == 1808, b = 486 
c = 5. Taking any year, therefore, we first note the entries in cols. 19 to 25 for a year exactly a century 
earlier, and calculate from this, by adding the figures for the number of days intervening between the 
date in col. 19 and the date on which Mesha samkranti occurred in the given year.® This gives us the 
condition of the moon on that last date, but a century earlier. Then, by deducting two days from the 
week-day and 1808, 486 and 5 respectively from the a, b, c so found, we find the condition of the moon 
on the day of apparent Mesha samkranti in the given year. This done, we add equation b and equation c 
to a, and by Table VIII. discover what tithi was current at that sunrise. This arrived at, we know that the 

* Ittdian Antiquary XVII., pp. 150 - 160 . 

This is the moot convenient Muy, as we have fixed in Table L the moment of each M5fiha samkranti. It is only 
necessary to bear in mind that when the lunar month Chaitra is itself intercalated the luni-solar year begins a month earlier. 
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new-moon that marks the beginning of the luni-solar year was the ncw-nioon at the beginning of the lunar 
month to which that tithi belongs*; and as we only want the 6, c at mean sunrise of the day immediately 
following that new-moon we deduct from the a, b, c of the Mesha samkranti day, already obtained, the 
figures for the whole days corrcsixjnding to the interval from the beginning of the lunar month to the 
tithi cuiTent on the day of MSsha samkranti. This gives the day, and its a, b, c, &c., at mean sunrise, 
on which the luni-solar year began, or the day corresponding to Chaitra Aukla 1st in the given year. 

191. After this calculation was completed, in every case I checked it by Prof. Jacobi’s Tables 
5, 6, 7. {Indian Antiquary, XVII., p. 164.) For this purpose 1 had to find the proper century-figure 
(in Table 6) for the twentieth century, since his Tables end with the end of the nineteenth century. They 
are : (a) 10,000 — 1808, (6) 1000 — 486, (c) 1000 — 5 ; or a 8192, b ^ 514, c = 995. These figures 
are approximate, decimals being excluded, but they are as accurate as the rest of Tabic 6. 

For an example I take the year A.D. 1901 : — 



Xi\ 

a. 

b. 

C. 

Table I. for A.D. 1801 (cols. 19-25) . . 15 March (74) 

In 1901 MSsha samkranti was on April 12th. 

I 

9S58 

215 

205 

Add {Table IV.) 28 (28) 

0 

94«2 

lb 

77 

1801 April 12th (102) 

1 

9340 

231 

282 

Century difference 

-2 — 

1808 - 

-486 

- 5 

1901 April 12th, Friday 

6 

7532 

745 

277 

a (= 7532) plus equation b {— 0) and equation c (= i) gives t - 

- 7533, which {Table VIII.) .shows 

that the 8th krishna tithi was current. We therefore deduct 22 
Chaitra §ukla ist, the first civil day of the luni-solar year. 

days to 

arrive 

at the figures for 

d. 

7C'. 

a. 

h. 

c. 

12 April (102) 

6 

7532 

745 

277 

For 22 days {Table IV.) . . . . — 22 — 22 

^ I _ 

7450 

798 

60 

Sunrise on Chait. Suk. ist in A.D. 1901 . 21 March (80) 

5 

82 

947 

217 

Check this by Jacobi's Tables 5, 6, 7. 


a. 

b. 

c. 

{Table 6) 20th century {Table XXXIX. below) . . . . 

5 

8192 

514 

995 

{Table 5) year (190)1 

.5 

5138 

566 

6 

{Table 7) 21st March 

2 

6752 

867 

210 

(Thur.) 5 

82 

947 

217 


The results agree, and the entry is made accordingly for Table XXXVIII. 

With a, b, c as given we find < ^ 177 = {Table X.) 12 h. 32 m. ; but continuing the calculation 
for absolute accuracy it works to ii h. 20 m. New moon therefore took place according to the Snrya 
Siddhania ii h. 20 m. before mean sunrise on March 21st, or at 6.40 p.m. on March 20th, A.D. 1901. By 
modem European science it occurred at 0.53 p.m., or 53 ni. pa.st noon on that day at Greenwich ; or 
for the meridian of Lanka at 5.56 p.m. 

192. The next process was the computation of the added (adhika) lunar months by the Surya 
Siddhania. I have stated in para. 190 that for other purposes I had ascertained the state of the moon 
at mean sunrise of the day on which apparent Mesha saihkrSnti occurred in each year, given in terms 
of a, b, c. We have only to add to this the a, b, c for the hours and minutes after mean sunrise on that 
day as given in col. xyA, and we have the condition of the moon at the actual moment of apparent Mesha 
saihkranti. The values of a, b, c for the several intervals between that moment and each subsequent 
saihkrtati in the year are given in Table XVIII. B ; and by this the calculation was made in the ordinary 

* Except when Chnitr* is intercslfwy, in which cssc the previous new -moon was the first of the year. 
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way. The work shows tJiat there was no suppression of a lunar month during the period 1901 to 1950 A.D., 
and since (Indian Calendar ^ foot of p, 29) it had been already determined that in all probability there 
would not be a suppression till 1944, the discovery that there will be none in that year renders it practically 
certain that there will be none till A.D. 1963, viz., after 141 j’ears have elapsed since the last suppression. 


THE LAGNA. 

193. Owing to the diurnal revolution of the eaiih on its axis a meridian on the earth’s surface 
losses once in e\*ery 24 hours completely round the circle of the 12 solar signs and 27 or 28 nakshatras 
(ij 113 (S'C.) ; and therefore, roughly, the meridian is within one of the solar signs for two hours every 
day. As the meridian sweeps round, the first point of each solar sign meets it, or cuts it, at about two- 
hour internals during the day. This gives rise in Hindu astronomy to calculations made both as to 
what sign was the lagna at a particular moment of a day, and as to the exact time at which a particular 
sign or part of a sign became lagna. The word lagna means literally intersecting,” ” meeting,” 
" coming in contact,” in astronomy the cutting of one line or great circle by another ; and its most 
common astronomical use is to designate that point of the ecliptic which at a given time is on the eastern 
horizon . At other times it designates the point of the ecliptic at a given time on the meridian. The horizon 
lagna is called kshitije lagna^ the meridian lagna is called madhya lagna. Since the solar sign remains 
in contact with the horizon or the meridian for about two hours each day it is clear that if a date of 
an inscription, besides giving us the civil day, month and year, mentions that a certain sign was lagna, 
we learn to within about two hours the exact time of day when the action referred to in the inscription 
was i^erformed. Jt is as if a European inscription should state, besides the date, that the time referred 
to was ” between 10 a.m. and noon.” 

194. Professor Kielhom told us (Indian Antiquary^ Vol. XXV. (1896), p. 291) that, up to the time 
of writing, the earliest inscription known to him, bearing a Jjaka date and from a genuine Indian inscription, 
in which the lagna occurs is one of S. 867 expired, A.D. 945. It is an Eastern Chalukya inscription of 
December 5th, A.D. 945, recording the accession ot King Amma II. (Ind. Ant.y Vol. XXIII. (1894), p. 123, 
No. 62). Mention of the lagna has, however, been found earlier than this in Cambodia. 

195. Now I do not propose to devote any great space to the consideration of the problem of the 
lagna, for two reasons. The first is that Professor Jacobi, in his paper entitled ” How to calculate the 
lagnaf* in the Indian Antiquary for July, 1900 (pp. 189-90), has given us full and ample rules for solving 
the problem by use of his own Tables, and to attempt here to reproduce those rules would be merely to 
trespass wantonly on his ground. The second is that, although undoubtedly the superstitious Hindfi 
paid at one time and another great attention to the point, the lagna is really not a matter which greatly 
concerns an liistorian. When we are perfectly certain of the accuracy of a civil day as given in any record, 
it is very seldom of any consequence to us to enter into particulars as to any given hour of that day. 

196. It will, therefore, I think, be sufficient if I show how to obtain a first approximation to 
the correct result, leaving extreme accuracy to be arrived at by use of Jacobi’s own method and Tables. 
This approximation, which, so far as I can judge, was considered sufficient by Kielhom, can be obtained 
from the Indian Calendar and the Tables in the present volume. 

197. On the supposition that the earth’s equator and the ecliptic are on one and the same plane, 
in order to find at what time a given sign, or of a sign, becomes lagna, or rises on the eastern 
horizon, we have only to find (i.) the true longitude of the sun at mean sunrise on the given day ; (ii.) the 
distance of the sun at that moment from the given lagna, measured along the ecliptic ; (iii.) the time 
required for covering this distance. The result will approximately, and without reference to the 
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inclination of the ecliptic or to the terrestrial latitude of the observer, the time of the lagna measured 
from mean sunrise. This is the first approximation, at which alone 1 aim in the present section. 

198. I take the example worked out by Jacobi, i,e„ the 6th solai' day of jyeshtha, K.Y. 4000 
expired, the given lagna being the 15th degree of Kanya, and calculation being made for the horizon 
lagna. The work is to be done by my own processes. First we require the true longitude of the sun. 
This is the " s ” of our calculations for the nakshatra (§119 above), the formula for finding the value 
of which is, in tlie a, b, c system, (c X 10) + 7207 — equation c. To find c, and therefore equation c, 
vve take the a, b, c for the first civil day of Chaitra at mean sunrise as given in Table I ; add to this 
the a, b, c for the interval of days to the given day, and so find the c for mean sunrise of the given day. 
Use the First Arya Siddhdnla. 

K.Y. 4000 expired was =-= A.D. 899-900. By Table 1., cols, ij, 17, Mesha samkranti occurred 
on day 81, at 13 h. 47 m. By the general rules, therefore {§ 43), the first civil day of solar \'aiiakha, the 
first month, was day 82. The 6th day of the second month, Jyeshtha, was 36 days later, or day (82 + 36 — ) 
n8. We have the. value of c on the 75th day given us in col. 25 of the same Table, viz., c -- 2O1. 
118 — 75 = 43- We add, therefore, from Table IV., the value of c for 43 days, \ iz. : 118, and we find 
that c on the ii8th day = (261 + 118) 379 ; and therefore equation c ---- (Table VII.) U). Using the 
formula (c x 10) + 7207 — equation c, we find s - ,978 = (Table VII LB) 35“ 14'. This is (i.) the 
apparent longitude of the sun at mean sunrise on the given day. 

(ii.) The longitude of the given lagna, viz., of the 15th degree of Kanya, was, by Table XXII., 
165“, As the sun’s longitude was 35° 14' at mean sunrise, the distance between the true sun and the 
lagna was (165° — 35“ 14') 129“ 46 '- 

(iii.) We tm-n this distance into time by calculating at the rate of 4 m. to a degree and 4 s. to a 
longitudinal minute, and we find that the 129* 46' take in rising 8 h. 39 m. 4 s. 

Hence we have found that roughly (holding the equator and ecliptic to be in one plane and taking 
no account of the terrestrial latitude of the place) the 15th degree of Kanya rose on the day in question 
at 8h. 39 m. 4 s. after mean sunrise. Jacobi gives the result by his first approximate process as 
21 gh. 40 vin., or 8 h. 40 m. 

(See also Example 63 below,) 


HINTS. 


1. Length of tJie iman eidenal aolar year. 


By the 

d. gh. p. 

V. 

pra. 

d. 

h. 

m. 

8. 

Duoimalfl. 

Arya SiddhUntas . . • • . 

m Id 31 

15 

0 

365 

0 

12 

30 

365*258680555 

PreaefU Surya Siddhdnta ■ . • * 

SOD 15 31 

31 

24 

365 

6 

12 

36*56 

365*258756481 

Modern eoienoo 

— 



365 

6 

9 

9*29 

365*256357523 


Length of tfie lumr synodic year. 





Surya and Arya Siddhdnta 

364 22 1 

23 

57 

354 

8 

48 

33 *.58 

354*36705535 

Modern science 

— 



354 

8 

48 

33*61 

354*367056 

Length of a mean eolar month or onc' 

•twelfth of a sidereal year. 



Arya Siddhdnia 

30 20 17 

36 

15 

30 

10 

31 

2*5 

30*438223379 

Sdrya Siddhdnia 

30 26 17 

38 

0 

30 

10 

31 

3*05 

30*438220707 

Modem soienoe 

— 



30 

10 

30 

45*77 

30*438020704 

Length of a mean 

lunar synodic month. 





Surya and Arya Siddhdnias * 

20 31 30 

7 

18 

20 

12 

44 

2*79 

i 29*530587940 

Modem soienoe 

— 



29 

12 

44 

2*86 

j 20*530588715 


Length of 

a man 

tithi. 






Sdrya and Arya Siddh&utae 

0 59 3 

40 

14 

0 

23 

37 

28*00 

0*984852981 
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2. Jn the a, by c system, adopted by Prof. Jacobi in the Indian Antiquary t Vol. XVII., and by 
us in the hulian Calendar and in the present volume, we find a final value, after calculation, in terms 

of t or lunation-parts, each of which is ioJ«oth of a mean lunation. This is converted 

True and into time by Table X., which gives the value of t (or n or y or, in mean calculations, of a) 

mean time, in mean time. Each unit of /, or in mean calculations of is on an average 4.25 minutes, 

. so that / = 4 means 17 minutes But actually the time value of i ooaoth of an apparent, 

or true, lunation constantly varies. It is therefore only possible to tabulate for mean time. The value 
of t arrived at by the first process of calculation (see working on p, 81, Ini. Cal) is approximate. When 
the processes are continued the final result is accurate. In the case of mean added months the value 
of a (which then = t) is at once absolutely accumte. (Ind. Cal, § 82, p, 50.) But when these values 
arc converted into time by Table X. the result is in mean time. For conversion to true time, for the 
latitude of the place and for the time of year, see Prof. Jacobi’s article in Epigraphia IndicUi Vol. II., 
and Tables F and G of my Eclipses of (he moon in India. 

3. Since the processes recommended in this work compel us to add together figures representing 
whole units, in the case of ^vIlich fractions below half arc ignored, it sometimes happens that one 

element a little too large cancels the irregularity of another a little too small ; it also 
Small differences sometimes hapi>ens that the total is one unit too small or too large, rarely two. Every 

in calculations. very close or doubtful case should therefore be freshly examined by Prof. Jacobi’s 

“ Special Tables ” in the Epigraphia Indicuy Vol. I. 

4. The Tables in this work are principally concerned with the First Arya Siddhdnta and Present 

Siirya Siddhdnta. As to the dates from which these authorities came to be relied 
I he Siddhdnias. on by the framers of Hindfi almanacs, and to the parts of India in which their use 

became prevalent, see §§ 4, 6-13A, and generally in the Text above. The Tables 
are not, unless specially so mentioned, to be relied on for calculation by other authorities or for other 
times and places, 

5. Calculations by the true or apparent motions of the sun and moon must always begin, for 

solar dating, from true Mesha samkranti ; and by the mean motions from mean 
True and mean Mesha samkranti. Similarly, for lunar dating, calculation by true lunar months 

calculations. and tithis must begin from the first true new-moon of the year, and by mean lunar 

months and tithis from the first mean new-moon of the year. 

6. When calculating by mean intercalations of lunar months Table XXIV. must be used. 

It takes the place of Table I. for the a, 6, c and date of the first civil day 
Table XXIV. of the luni-solar year in the case of a year which does not contain a mean intercalation, 
but which immediately follows a year which does contain one and in which there 
was no “ true ” intercalation. 

7. No suppression of a lunar monjlh seems to be possible except in the case of a year separated 

by one of the following intervals of years from a year which 
' contained a suppressed month : 19, 38, 46, 65, 76, 122, 141. 

8. Table I., cols. 8 to 12, Indian Calendar^ contain the calculations for intercalations and 

suppressions of lunar months by the true or apparent system ; cols. 8a 
Conversion of results for to i 2A contain the same by the mean system, of months ; calculated, 

intercalations and suppressions that is, in the first case by the true motions of the sun and moon, and 
of lunar months. m the second by their mean motions. (For the meaning of lunation- 

parts ” see Arts. 80, 81, pp. 49, 50.) All these are calculated according 
to the Siirya Siddhdnta. If results by the First Arya Siddhdnta are required, they must be converted by- 
tlie rules and examples given. The t, c entries given in cols. 23-25 are the same by both these 
authorities. 
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10. In the Indian Calendar, p. 154, § 160 (6), we gave a list of points to be remembered in 

verifying dates, remarking that that list was not exhaustive. Let 
Addition to Ind. CaL, § 160(6). the following be added as A (I.) [c) : " The original date may have 

been calculated by mean months." The present work shows how 

to calculate them. 

12. When a samkranti is found to take place within about (/ — ) 33 lunation-parts of the moment 

of new-moon, the use of a different Siddhanta may cause the intercalation of a month 
Samkrdntis* Limit next preceding or next following the one found to have been intercalated by the 
of differences, calculation. Wien, therefore, the results for the moments of two consecutive 
samkrantis connected with a lunar month are both less than (/ 9967 or both 

greater than (/ =) 33 it may be assumed that the same month wiis intercalated by all Siddhantas. {Ind, 
CaL, p, 29, note i, § 88, p, 51). Where, however, a Siddhanta has been used with a bija-correction, 
the limits must be enlarged to 113 lunation-jiarts, or t = 9887 and 113. 

13. (i.) When working foi " true " intercalations and suppressions of lunar months the equations 
of (6), the moon*s mean anomaly, and (c), the sun’s mean anomaly, are added to the a found by the 

calculation. It is convenient to note that no a can ixissibly increase by these 
Intercalations and additions to as much as 10,000 or 0, the moment of new-moon, if it (a) is less 

suppressions of lunar than 9599, since the greatest x>ossible increase caused by the addition of these 

months. Limitations. equations is (280 + i2T =) 401. ( 5 ^^ Tables VI., VII., col, 2.) If the a, 

therefore, of both the samkrantis concerned is near to but less than 9599, the 
month must be a common one. 

(ii.) Similarly there can be no intercalation or suppression of a lunar month in a year the " a " of 
whose Mesha sarhkranti is less than 5910, since the greatest increase of a in a year (see Tables XVIII., 
XIX. A and XIX S) is 3689, which, + 401 (above 13 (i.) ), = 4090 ; and 10,000 — 4090 = 5910.^ 

14. No mean intercalation is possible in a year in which the a of mean Mesha samkranti is less 

than 6311, since the greatest increase of a for any mean samkranti of a year is 3689. 10,000 — 3689 

= 6311. 

15. In connecting tithis with solar days note that— in consequence of (i.) the chance that a 
Siddhanta has been used by the almanac-maker different from that by which the calculation is being 

made, (ii.) the difference between the mean time of Table X. and the possible 
Tithis, nakshatras and true time of the date, (iii.) the difference at the principal place in the neigh- 
karanas. Limitations. bourhood of the inscription, where probably the almanac-makers resided, 

of the time of true and mean sunrise (which last is the basis in our system) — 
a result which shows a certain tithi, nakshatra, or karana as beginning or ending within about 5 ghadkas, 
or 2 hours, of sunrise may be wrong by one day. Consequently, whenever, in a calculation for mean 
sunrise made by our Tables, the tithi-index (t) or the nakshatra-index (n) or the karana-index (Table 
VIII., cols. 3, 8, 9, 10) is within 30^ of tlie beginning-index or ending-index of the tithi, nakshatra, or 
karana, it is possible that the lesult may be one day wrong. In the case of the yoga the limit may extend 
to 7’gha^as, or 2 h. 48 m., or, in terms of the yoga-index, 50. These limits are not fixed ; but 
when the result ascertained is not within, or almost within, those limits it is safe to conclude that the 
result would be the same whatever Siddhanta might have been used, and whether the original calculators 
had worked by true or mean sunrise, and by true or mean time. When a doubt exists the date should 
be tested by Jacobi’s Epig. Ind., Vol I., Special Tables. (See Ind. Cal, § 37, pp. 20, 21.) 

I If, however, thin a iu less than about »30 an intercalation of diaitra iM poHsible. 

* In mean-time 2 b. 8 m. (TabU X.) , 
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i6. Adhika and kslMVa tithis, A day on which no tithi ends, and a day on which two tithis 
end is considered inauspicious. Such was the case on Wednesday, September 12th, 
Tithis. A.D. 1894, and Friday, September 21st, in the same year, as shown in the Panchang 

extract on p. 14 of the hxdian Calendar. {See Example 23.) 

W’hen the tithi-index of a sunrise is found to be within (/ =) 40, either way, of the 
ending-point of a tithi C^ahk F///.), and when equation h is decreasing, either that tithi or another 
close to it is adhika, shortly after or before the sunrise in question ; and when equation b is increasing 
a tithi, different from the one in question, is kshaya shortly before or after the sunrise. {Ind. Cal., 

§ 142, p. 78.) 

Note that the intercalation or expunction of a tithi only affects the question as to the number 
of the tithi current at a certain sunrise. The tithis themselves always run their regulai course, i to 15. 
There is, for instance, no number 16 given to a tithi. Tlie regular currency of each tithi is unaffected 
by the nomenclature given to the civil day in consequence of the tithi which is found to be current at 
its sunrise. 

18. In work for intercalations and suppressions of lunar months cases are sometimes found 
where a new-moon appears to occur precisely at the moment of a solar samkrSnti, in other words that the 
moment of new-moon and the moment of the sun’s entry into a sign are identical ; 
When neii'-moon aiul the question has to be decided whether the moon is to be considered as waxing 

exactly coincides or waning at that moment, since upon that deci.sion depends the intercalation or 

ifith a sathkrdnti. suppression of the lunar month concerned. For instance, in K.Y. 4257 current, 
at the Kumbha saihkranti, the moon was found, according to the Siirya Siddhdnta, 
to he waning, t being (,851, and at the next samkranti, Mina, / being found = 10,000 or 0, the question 
is whether the month connected with those two samkrantis, viz., lunar Phalguna, was intercalated or 
common. If at the Mina samkranti the moon was considered to be still waning, Phalguna would be a 
common month ; but if it was considered that she had just i)assed the moment of new-moon and had 
begun to wax, Phalguna would be an intercalated month. My collaborator in the Indian Calendar, 
who was undoubtedly thoroughly acquainted with Indian custom, decided that in such cases it must be 
held that the 0-point is as it were included within the scope of the period preceding it ; it marks the 
climax of that period ; so that at the point itself a new jieriod has begun. In the ca.se of a waning moon 
where new-moon is found, after full calculation, to occur at the very instant of a solar samkranti, the 
latter is included in the period of wane ; the samkranti is at the climax of the wane ; and at the 10,000- 
or 0-point of the moon’s age a new-moon has actually begun. Therefore in the case alluded to 
Phalguna was, because the moon had begun to wax at the Mina samkranti, decided to have been an 
intercalated month. In stating the {t =) 0 of col. 11 in terms of the tithi for col. 12 of Table I. we 
showed the moon as actually waxing by entering the tithi-value at the moment of the Mina samkranti 
as, 0.001 . 'fliis was done in all such ca.ses. 

For every such case special and careful calculation should be separately made by Jacobi s 
Epigraphia Indica, \'ol. I., Special Tables, when it will generally be found that the moon was certainly 
either waning or waxing at the exact moment of the samkranti^ But in the exceptional case, after 
all tests, of an exact concurrence of the lunar and solar phenomena, the case would be best decided on 
Mr. Sh. B. Dikshit’s principle ; the calcu^gtor bearing in mind at the same time the possibility of a different 
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practice being prevalent at different parts of India or at different times, so that a different lunar month 
might have been intercalated or suppressed by other HindQ almanac-makers. The principle applies 
equally, of course, in the case of suppressions of months ; if at the first samkranti / is found, after the 
most careful calculation, to be scientifically 0, then the new moon has begun, and if at the next samkrfinti 
that moon is found to be waning the lunar month included is suppressed ; if still waxing it is common. 

I imagine that the same principle would apply to the case of tithis, nakshatras, y5gas and karanas. 
ig. Expunction of Jovian samvaisaras in solar years. There can be no expunction of a 
samvatsara in a cycle the Prabhava at the beginning of which (Tables 
XXVIl., XXVIII., &c„ col, 3) took place later than, in the case of 
the — 

without the bija 253.92212712 

Silrya with the blja 253.44632502 

First Ary a Siddh&nta 254.1599674^ 

Original Surya Siddhanta 253.92212712] 


Expunction of Jovian 
samvaisaras. Limitations, 






- 254.30580264 


da3rs 


Brahma Siddh&nta 

Siddhanta Sirdmani 

.Second Arya Siddh&nta 253. 90316838 J 

after apparent Mesha samkranti ; for the greatest day-figure in Table XXVIl. A, XXVIIl.A, &c., 
col. 3, is that which in each case appertains to the last samvatsara, 60 Kshaya, of the cycle ; and the 
difference between this day-figure and the day-figure of the No. i Prabhava of the next cycle is the exact 
amount of the difference between the length of the solar year and the Jovian samvatsara by the different 
authorities. If any cycle, for instance, began, according to the Siirya Siddh&nta without the bfja, by 
the smallest fraction later than 253.922127120 after api)arent Mesha samkranti of its solar year, then 
it is evident that tin; next sam\'atsara mxrst begin after the next apparent Mesha samkranti, and therefore 
that the preceding cycle had completed itself without any expunction ha^•ing taken place in it. 
253.922127120 minus (Table XXVIl, A, col. 3, for 60 Kshaya) 249.690091668 =4.232035452' the 
difference between the length of the solar year and the Jo\’ian samvatsara by the authority used. .And 


so with the rest. 

20. It is sometimes important, when making calculations in which the c.xact moment of a true 
Mesha samkranti is an essential clement, to know the number of seconds as well as the number of 
minutes of the time of its occurrence ; minutes alone being given in col. 17 of Table 1., along with the 
day and hour. Of the importance of this knowledge Examples 5 (b) and 6 (c) will serve as proof. For 
the Arya Siddh&nta we can always ascertain the exact time by applying the following rule: When the 
number of the current K,Y. year, or the year A.D., is even, the minutes entered in col. ly of Table I. are whole 
minutes. When the number of the current K.Y. year, or the year A. I)., is odd, 30 seconds added to the time 
entered in col. 17 gives the exact time. If working with ghatikas, S-c., the amount to be so added in col. 15 
is palas. The exact time according to other Siddhiintas can be obtained from this basis, by the rules 
given in this volume. 

The reason for this rule is to be found in the fact that, as shown in § 162 above, mean Mesha 
samkranti of the year A.D. 499, K.Y. 3601 current, took place according to the Arya Siddh&nta exactly 
at noon, or at 6 h. 0 m. LahkS time on March 21st. The fiOdhya by that authority being 2 d. 3 h. 32 m. 
30 s.,we know that the moment of true Mesha samkranti of that year was March 19th at 2 h. 27 m. 30 s. 
The Indian Calendar, in col. 17 of Table I., tabulates only the whole minutes and states the time as 
2 h. 27 m. If 30 seconds be added to this tabulated time we have the exact time. The length of the 
year by the Arya Siddh&nta being greater by 12 m. 30 s. than that of the Julian year (Table XXXVII., 


••F o( { 142 &o. 
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col. 3, helou) we tabulated in col. 17 of Table I, by intervals of alternately 12 m. and 13 m. in order ta 
avoid the use of seconds ; so that while in one year the tabulated time is too early by 30 seconds, in the 
next it is correct. Thus while the actual moment of true MSsha saihkr&nti in A.D. 499, K.Y. 3601 
current, was 2 h. 27 m. 30 s. (but “2 h. 27 m." in Table I.), the actual moment in A.D. 500, K.Y 3602 
current, was (2 h. 27 m. 30 s. + 6 h. 12 m. 30 s. =) 8 h. 40 m. exact (the same in Table I.). This rule 
holds good for all years A.D., both before and after, A.D. 499 the tabulated time being correct in one 
year and subject to an addition of 30 seconds in the next. 

[Note that in years B.C., owing to the fact that i B.C. immediately precedes A.D. i, a current 
year of the K.Y. with an even number corresponds to a year B.C. with an odd number ; and vice versa. 
Therefore for years B.C, the time of true Mesha samkrSnti (found by use of Table I., col. 17, and calculated 
backwards as directed in this work) is in whole minutes in odd years B.C, (current even years K.Y.) ; but, 
to be accurate, must have 30 seconds added in even years B.C. (current odd years K.Y.). Table XXXVIII.A 
gives the times ot M€sha samkr 5 nti back to 59-58 B.C. on the same principle as in Table 1 ., and its 
tabulated times can be made absolutely accurate to the second by application of this rule to the figures 
given in col. 17.] 
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EXAMPLES. 

Solar Reckoning. 

Meaha samkr antis ^ 

Example i. — The moment of true sidereal Mesha samkrdnti according to the Ary a Siddhdnta being 
found from Table 7 . of the Indian Calendar ” for any year for which the same moment according to the 
Surya Siddhdnta is not given^ it is required to find the latter. For each year from K,Y. 3401 expired, 
A.D. 300-1, to K.Y. 4201 expired, A.D. iioo-i, the moments of occurrence of true sidereal (nirayana) 
MSsha samkrdnti according to the Arya Siddhdnta are given in Table I., cols. 13 to 17 ; and according 
to both the Arya and Surya Siddhdnias from the latter date to K.Y. 5001 expired, A.D. 1900-1. Example i 
shows how to find the Surya Siddhdnta true Mesha samkranti for any year in the former period. 

Rule. Take down the time according to the Arya Siddhdnta from cols. 13 to 17 of Table L, and 
convert it to Surya Siddhdnta time by Table XVII. (§§ 44 i, 46). (See above ''Additional Notes” II. , p. xii) 

Wanted the moment of Mesha samkranti by the Sur. Siddh. in K.Y. 3915 expired, or A.D. 814. 




d. 


h. 

m. 

By Table I., cols. 13 to 17 . 

. , 

. . 21 March (80) 

3 

14 

5 

By Table XVII 

. 

. . 



+ 35 

Answer. M.S.* by Sur. Siddh. 

. 

. = 21 March (80) 

3 Tues. 

14 

40 


If the time is required in ghatikas and palas, the answer would be — (from Table I., col. 15) 
35 gli- 12 p. + (35 m. converted to gh. and p. by Table XXV.) i gh. 27^ p. = 36 gh. 39! p. [Calculation 
in terms of ghatikas and palas will not be specially dealt with in these examples. If wanted, it can be made 
from the Tables in similar manner to hours and minutes, or the latter can be converted into the former by 
Table XXV.] 

Example 2. — The reverse process. This is not really wanted, but it shows that the Tables are 
accurate. 

Rule. Take the Sti. Siddh. time from Table I., cols. 13, 14, 15A, 17A, and convert to Ar, Siddh, 
time by Table XVII. with signs reversed. 

Wanted the Ar. Siddh. M.S. in K.Y. 4491 expired, A.D. 1390. 



d, w. 

h. 

m. 

By Table I., cols, as stated . 

. , . 26 March (85) 0 

15 

43 

By Table XVII., sign reversed 

. 

— I 

38 

Answer. M.S. by Ar, Siddh. . 

. . = 26 March (Sat.), at 

14 

3 


(as given in col. 17 of Table I.) 

Example 3. — To find the time of true sidereal Mesha samkrdnti according to the Arya Siddhdnta in 
a year earlier than K.Y, 3401 expired, A.D, 300-1, and therefore not to be found from Table I. of the “ Indian 
Calendar,” (For explanation of process see above under ** Correction I., Note,*' § 47.) 

Rule, Find the MSsha samkranti time by Table I. according to the Arya Siddhdnta for any year 
removed by an interval of 576 years, or any multiple of 576 years, from the given year ; and deduct from 
the day and month of the Mesha samkranti as there found 5 days for every such period of 576 years. 
Retain the ghatikas and palas, or hours and minutes as found. For the week-day, subtract from the found 
week-day 4 week-days for every such period. 

Wanted according to the Arya Siddhdnta the moment of MSsha samkranti in 500 B.C. (K.Y, 2602 
expired), and the day of the week. 

^ M.S. in thege ezamplei menns MSvha samkranti. 
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There having been no year 0 between i B.C. and A.D. i, we have to add one year to the interval 
from 500 B.C. to the selected year. We take two 576-year intervals. 576 X 2 + i — 1153 years. 
1133 — 500 — A.D. 653. The Arya Siddhdnta Mesha samkranti in A.D. 653 took place {Table /.) on 
March 19th, Tuesday, at 22 h. 32 m. For two periods of 576 years each, deduct 10 days from the day 
of the month and 8 ^^’eek-days from the week-day. Therefore the M.S., by the Ar, Siddh.y in 500 B.C. 
took place on Monday, March 9th, at 22 h. 32 m. [And the M.S. in A.D. 77, which was removed from 
500 B.C. and from A.D. 1153, by one period of 576 years took place on March 14th, Friday, at 22 h. 32 m.] 

Ex.\mple 4 . — To find the time of true sidereal Mesha samkranti by the Surya Siddhdnta in a similar 

year. 

Rule. Find the moment of true Mesha samkranti by the Arya Siddhdnta as directed in Example 3, 
and convert it to the same according to the Surya Siddhdnta by use of the Table on p. 55 of the Indian 
Calendar. The two authorities were together in A.D. 496. The Table gives the difference between 
them for years earlier or later, measured by the number of years intervening between A.D. 496 and the 
given year.^ (§§ 47, 56.) 

Wanted the moment of Mesha samkranti according to the Surya Siddhdnta in 500 B.C. (K.Y. 2602 
expired), and the day of the week. 

We found in the last example that the Mesha samkranti in 500 B.C. according to the Arya 
Siddhdnta occurred on Monday, March 9th, at 22 h. 32 m. The interval between 500 B.C. and A.D. 496, 
there being no year A.D. 0, is 995 years. And from the Table on p. 55, Ind. Cal., we have, for 900 years, 
90 years and 5 j^ears respectively, 1 h. 38.4 m., 9.8 m. and 0.5 m. Total, i h. 48.7 m., or, roughly, 
I h. 49 rn. Deducting this from the Arya-Siddhdnta-iimt, we have, for the moment of Mesha samkranti 
in 500 B.C. by the Surya Siddhdnta, March 9th, Monday, at 20 h. 43 m. Lanka time. 

Example 5 . — To find the time of mean sidereal Mesha samkrdnti according to the Arya Siddhdnta 
for any year. [See § 26, pp. ii, 12 of the Ind. Cal, and §§ 57’-62 above.J 

Rule. Find the time of true sidereal Mesha samkranti according to the Arya Siddhdnta from 
Table 1., cols. 13 to 17, or by Example 3 above. Add to this the SOdhya difference according to that 
authority, viz., 2 d. 8 gh. 51 p. 15 v., or 2 d. 3 h. 32 m. 30 s. This gives the time of mean M6sha 
samkranti. 


((?) Wanted the time of mean Mesha sariikranti of K.Y. 4041 expired, A.D. 940. 



d. 

w. 

h. 

m. 

Table I. (cols. 13 to 17). Tine M.S. 

. . 22 March 

1 (Sun.) 

4 

20 

+ 66dhya by A.S. 

. . 2 

2 

3 

32i 

Ansu^er. Mean M.S. took place on 

. . 24 March 

3 (Tues.) at 

■7“ 

52i 


{b) Wanted the time of mean Mesha samkranti of K.Y. 0 expired, or i current = the epoch of 
Hindu astronomy. Woik by Example 3. Six cycles of 576 years = 3456 years. The corresponding 
year of Table I. is K Y. 3456 expired, or 3457 current. For the day of the month we deduct (6 x 5) 
30 days, and for the day of the week (6 x 4) 24 days, retaining the hours and minutes given. 



d. 

w. 

h. 

m. 

True M.S. K.Y. 3456 expired (Table I.) 

. 17 March (76) 
— (30) 

6 

— 24 

20 

27 

True M.S. K.Y. 0 expired, i current . 

. 15 Feb. (46) 

3 

20 

27 

Add 6ddhya 

2 2 

2 

3 

32i 


17 Feb. (48) 

5 

23 

59J 


’ Table XVII. is based on these figures of difference, but it only concerns the 1600 years of Table I. The Table on 
p. r>r» enables the difference to be found for any number of 3 'ears intervening between the given year and the base year. 
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This is practically — 23 h. 5 qJ m. being taken as 24 h. — February i8th, Friday, 0 h. Lanka time, 
or 6 a,m., which is the time of the epoch according to the Arya Siddhdnta (r/., Jacobi, Ind. Ant.^ XVII., 
159a). The difference is only 30 seconds, due to omission of that amount in the time fixed for K.Y. 3456 
in Table I. (5^^ “ Hint ” No. 20, above.) The time of true Mesha saihkranti in K.Y. i current was really 
20 h. 27 m. 30 s., not 20 h. 27 m. ; and if we add the 30 seconds the result is precisely February i8th, 0 h, 
LafikS time. [Another way is to use Table XXXVlll.C., and apply the rule in § 54.] 

Example 6. — The same according to the Surya Siddhdnta. 

Rule. Find the time of true Mesha samkranti according to the Surya Siddhdnta from Table I., 
cols. 13, 14, 15A, 17A., or as in Example 4 above. Add to this the sodhya difference according to that 
authority, viz., 2d. 10 gh. 14 p. 30 v., or 2d. 4 h. 5 m. 48 s. This gives the time of mean Mesha 
sarhkranti. 


(«) Wanted the time of mean Mesha samkr5nti of K.Y. 42O9 expired, A.D. 1168 : — 

d. IV. h. m. 


(Table /., cols. 13, 14, lya). True M.S. 

24 March 

I 

5 

3 

+ Sodhya by Sur. Siddh 

. 2 

2 

±_ 

6 

Mean M.S. by Sur. Siddh 

. 26 March 

3 

Q 

9 

Anmer. 9 h. 9 m. LankS time on Tuesday, March 26th. 

(h) Wanted the time of mean Mesha samkranti of K.Y. 4041 expired, 

A.D. 940 : — 




d. 

IV. 

h. 

m. 

(Table I., cols. 13-17). True M.S. by Ar. Siddh. 

. 22 March 

1 

4 

20 

Convert to Swr. Siddh. by Table XVII. 




+ 49 

True M.S. by Sfir. Siddh 

. 22 March 

1 

5 

9 

Add Stir. Siddh. 56dhya 

. 2 

2 


6 

Mean M.S. by Sur. Siddh 

. 24 March 

3 

9 

If) 

Ansieer. 9 h. 15 m. Lanka time on Tuesday, March 

24th. 





(r) Wanted the time of mean Mesha samkranti of K.Y. 1 current, or the epoch of Hindu 
astronomy, according to the Surya Siddhdnta. 

(Compare Examples 3, 4, 5.) In Example 5 [b) we 


found the time of true Mesha samkrSnti in K.Y. i 

d. 

ti". 

h. 

m. 


current, by the Arya Siddhanta, to be exactly. 

15 Feb. 

3 

20 

27 

30 

Convert to the Siirya Siddhania by Table on p. 55 of 






the Ind. Cal., with an interval of 3598 years 






(A.D. 496 = K.Y. 3598 current) . 



— 6 — 

33 

— 18 

True M.S. K.Y. i current by Sit. Siddh. 

15 Feb. 

3 

13 

54 

12 

Add Siirt Siddh. Sodhya + 

2 

2 

4 

$ 

48 

Mean M.S. K.Y. i cun-ent 

17 Feb. 

5 

18 

0 

0 


Ansxver. 18 h. Lanka time on Febniary 17th, Thursday, 3102 B.C. 

Example 7. — To convert the time of a mean Mesha samkranti found according to the Arya Siddhdnta 
into the same according to the Surya Siddhdnta. 

Rule. Apply Corrections I. (§§ 46-54) and III. (§§ 57"59) Table XVII., or the Table on p. 55 
of the Indian Calendar, and by the §6dhya time-difference between the two authorities (+ 33 18 s.). 

For K.Y. 4041 expired, A.D. 940 (Example 5«), we are given the time by the Arya Siddhdnta as 
on Tuesday, March 24th, at 7 h. 52 m. 30 s. By Table XVII., Correction I. is + 49 m. ; the Sodhya difference 

8 A 
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is + 33 m. i8 s. Total, i h. 22 m. 18 s. Adding this to 7 h. 52 m. 30 s., we have 9 h. 14 m. 48 s. ; or 
9 h. 15 m. on the same day (as we have already found to be the time of mean M.S. by the SUrya Siddhanta 
in Example 6 (6) ). 

Example 8. — The reverse process. 

Rule, Apply the corrections as in the last example, but with reversed signs. 

This is merely the converse of the last, and requires no working. 

Example 9.— To find, according to the Arya Siddhanta, the time of tropical Misha samkrdnti in 
any year. 

Rule. This is given on pp. 152-3 of the Indian Calendar, and the process is explained above 
[Tropical samkrdntis, §33, <S'C,). 

Wanted the time of occurrence according to the Arya Siddhanta of the tropical (sSyana) M?sha 
sariikranti of 6aka 1000 current, K.Y. 4179 current, A.D. 1077-78. 

1 take the year for which the process was shown in the Indian Calendar because its accuracy 
within one minute has been fully established. According to the Arya Siddhanta the base-year is Saka 
445. We find the time of tropical Mesha samkranti in the same way as all other tropical samkrantis, 
and, for this, Table I. gives us our starting point. The time of true sidereal Mesha samkranti in the given 
year was March 23rd at 14 h. 52 m. 

[a) Rough calculation. (The given year, Saka) 1000 — 445 (the base-year) — 555, and 555 
ghatjkas = 9 d. 15 gh., or [Table XXV.) 9 d. 6 h. Deducting 9 d. 6 h. from March 23rd., 14 h. 52 m., 
we have March 14th 8 h. 52 m., and this was roughly the time of tropical Mesha samkranti in the given 
year. 

(i, i.) Accurate calculation. We note that since the tropical was earlier than the sidereal Mesha 
samkranti by about 9 days, those clays belonged to sidereal (nirayana) Mlna,^ and that the length of 
Mina [Table XV 1 1 1 . A, col 7) is 30 cl. 8h. 7 m. 42 s. The difference of years gives us (as above) 
555 gh.) or, multiplied by 7n^=9jn» 9^* ^5' ayanaihSas (degrees of precession), or 9J®. 


30 d, 8 h. 7 m. 42 s. X 9 i i o 
^ ^ = 9 d. 8 h. 30 m. 22 s, 

30 


We ignore seconds less than half a minute. 


h. 

m. 

True sidereal Mesha samkranti 

. . . March 23 

14 

52 


“■ 9 

8 

_ 3 ® 

Tropical M.S 

. . . March 14 

' - 6 

22 


Answer. Tropical Mesha sarhkranti of S. 1000 occurred, according to the Arya Siddhanta, on 
March 14th at 6 h. 22 m. after sunrise. 

[b, ii.) In Table XX.A I have attempted to simplify the above process. The figures in col. 2 
of that Table give, for each sidereal month, the length of the month divided by 30, or the time occupied 
by the sun in travelling ; so that instead of the element of calculation (for Mina) — 

3 ^. 

30 

we may substitute [Table XX.A, col. 2, for Mina) i d. 0 h. 16 m. 15. 4s. X9J, which—9 d. 8 h. 30 m. 22s., 
i.e., gives the same result as in 6 (i.). 

[b, iii.) Or, again, those who prefer it may still further simplify the sum by taking the equivalent 
in decimals of 7f\)th of the month MTna, viz., 1.0113 d. (if only four places of decimals are used), as given 
in the same Table, and multiplying it by 9J, or 9.25. This results in 9.354525, which, taken as days, 
^ 9 d. 8 h. 30 m. 31 s. [Table XXXVI.) Such is the result working with only four places of decimals. 


^ Se? note following Example 18B. 
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If we take the full figures as given, viz., 1.0112893518, this, multiplied by y.25, gives exactly 
gd. 8h. 30 m. 22 s. 


Example 10. — To find, according io the Sitrya Siddhdnta, the time of tropical Mesha samkrdnii 
in any year. 

Rule. (See pp. 152-3, Ind. Cal., and above “ 2 'ropical safnkrantis,” § 33, c^f.) 

Wanted the time of occurrence according to the Surya Siddhdnta of tropical (sayaiia) Mesha sam- 
kranti of Saka 1000 current, K.Y. 4179 current, A.D. 1077-78, the same year as in the last e.xample. 

The remarks at the beginning of Example 9 apply equally to this problem. We start with true 
nirayana (or sidereal) Mesha samkranti-time, as given according to the Arya .Siddhdnta for the year in 
question, in Table I., viz., March 23rd, 14 h. 52 m. We next convert this to the time according to the 
SUrya Siddhdnta by Table XVII., adding 64 m. This gives us the same moment by the Siirya Siddhdnta 
as March 23rd, 15 h. 56 m. 

(a) Rough calculation. (The given year Skka) 1000 — 422 (the base-year, both current) ^ 578, 
and 578 ghatikas = 9 d. 38 gh. = (Table XA'K.) 9 d. 15 h. 12 m. Deducting this period from March 23r(l 
15 h. 56 m., 'we have March 14th 0 h. 44 m., and this was roughly the time of tropical Mesha samkranti 


in the given year. 

(h, i.) Accurate calculation. Noting that the intervening days belonged to the sidereal month 
Mlna,^ and that the length of Mina was, according to the Surya Siddhdnta (Table XVIII.B), 
30 d. 8h. 29m. IS., while 578 X 300 =8.67 == (in ayanam^as) 8“ 40' 12", we multiply 3\,th of the 
length of Mina by the ayanam^as. 

30 d. 8h. 29m- is-.x 8- =8 a. 18 h. 3,m. 52s. 


30 


lu m. 


Sidereal Mesha samkranti March 33 15 5 ^ 

Less ^ 32 


Tropical Mesha samkranti March 14 21 24 

This was the required day and time. 

(6, ii.) If, as in the last example (6, ii.) we use Table XX.A the sum to be done is — 

id. oh. 16 m. 58 s. X 8® 40' 12" 

which comes to the same result. 

(6, iii.) And if, as in the last example (6, iii.) we use the decimals for each element of the sum, 
and this is by far the easiest and shortest method, we have — 

1.01178 X 8.67 

which = 8.7721326, and this, by Table XXXVI., — 8 d. 18 h. 31 m. 52 s., and gives us the same 
result. 

[Comparing the results of Examples 9 and 10, it will be noticed that whereas the difference in 
the case of the former (according to the Arya Siddhdnta) between the rough and the accurate results, 
viz., 8 h. 52 m, and 6 h. 22 m. is only 2 h. 3^ second case (by the Surya 

Note. Siddhdnta) the difference between the rough and the accurate results amounts to as much 
as 20 h. 40 m. When working by the Surya Siddhdnta one must always expect considerable 
divergence in this respect, increasing with the distance of the given year from the base year ; because 
the first rough calculation is made on the basis of the degrees of precession, or ayanamSas, amounting to i 
per annum, which is taken as — 1 ghatika per annum in time, while the second, accurate, calculation 
is based on the actual amount of precession according to that authority, viz., 54^ annum, which 
= 0.9 gh. per annum in time. In 578 years this difference is considerable.] 


^ See note following Example 18 B. 
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Other samkrantis : true, mean, and tropical. 

Example ii . — To find the moment of any true sidereal samkr&nti by the Arya Siddhanta, 

Each samkranti marks the astronomical beginning of the solar month which takes its name, being 
the moment when the sun in his course, measured by his apparent longitude, enters a sign. 

Rule. Find the moment of true Mesha samkranti by the Arya Siddh&nta for the given year from 
Table I., or, for years earlier than A.D. 300, by Example 3. Add to it the collective duration given in 
cols. 3 or 4 of Table XVIII.A from that moment to the given samkr&nti. (§ 59.) 

^^'anted the time of VriSchika samkranti according to the Arya Siddhdnta in K.Y. 4321 expired, 
A.D. 1220 — 21 

d. w. h. m. 

(Table I.) M.S. for the year 24 March (84) 3 14 40 

(Table XVIII.A) Coll. Dur. to Vri6. samk. . . (216) 6 19 6 

^’ri$chika samkranti (301) 3 9 46 

301 = (Table IX.), A.D. 1220 being a Leap-year, Oct. 27th. 3 = Tuesday. 

Answer. Tuesday, October 27th, A.D. 1220, at 9 h. 46 m. Lanka time, i.e., measured from mean 
sunrise. 

Example 12. — The same by the Surya Siddhanta. 

Rule. Find the time of true Mesha samkranti according to the Surya Siddhanta from Table 1 ., 
or by Examples 1 or 4. Add the collective duration to the given samkranti as given in cols. 3 or 4 of 
Table XVIII.B. 

Wanted the time of Vri^chika sarhkranti by the Siddhdnta in K.Y. 4321 expired, 

A.D. 1220-21. 

d. 

(Table I.) M.S. for the year 24 March (84) 

(Table XVIII.B) Coll. Dur. to Vrii. samk. . . (216) 

Vri^. samk (301) 3 ii 53 

Answer. Tuesday, October 27th, A.D. 1220, at 11 h. 53 m. Lanka time. (Compare withExample ii.) 

Example 13. — To convert the time of any true samkranti as found by the Arya Siddhdnta into the 
same according to the Surya Siddhdnta. 

Table XVlll.C has been framed to enable this to be done. 

Rule. The time by the Arya Siddhdnta being given, apply to it Corrections I. (Table XVII.) 
and II. (Table XVIII. C), both Tables as they stand. {§§46, 56.) 

E.g., Wanted the time of true Vnkhika samkranti by the Surya Siddhdnta in the same year as in 
Examples 11, 12, its time according to the Arya Siddhdnta Wng October 27th, A.D. 1220, at 9 h. 46 m. 

h. m. 

Correction 1 . (Table XVII.) + i 19 

Correction II. (Table XVIII.C) + 48 

2 7 

9 h. 46 m. + 2 h. 7 m. = 11 h. 53 m. ; and this was the exact time as found in Example 12. 

Example 14. — To convert the time of any trite samkrdnti as found by the SHrya Siddhdnta into the 
same according to the Arya Siddhdnta. This is the reverse of Example 13. 

Rule. The time by the Surya Siddhdnta being given, apply to it Correction I. and Correction II. 
with signs leversed. (§§ 46, 56.) 


w. h. m. 

3 15 59 

6 19 54 
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E.g., Take the same month and year as in Example 13. Given October 27th, A.D. 1220, at 
II h. 53 S'S the time by the Surya SiddhSniu, the two con'ections to be applied are — i h. ig m. 
and — 48 m., which converts 11 h. 53 m. into 9 h. 46 m. 

Example 15. — To find the moment of any mean sidereal samkranti according to the Arya Siddhania. 
Rule. Find the moment of true MSsha samkrinti from Table I., or by Example 3 above. Add 
the §6dhya interval according to the Arya Siddhania (Example 5). Add to the product the interval from 
Mesha samkranti to the given samkranti, using Table XIX.A. (§§ 57, 59.) 

Wanted the time of mean Tula samkranti by the Arya Siddhania in Saka 1153 expired, 


A.D. 1231-32. 

d. 

w. 

h. 

m. 

True M.S. by Ar. Sid. (Table /.) . 

. 25 March (84) 

3 

10 

57 

Add iodhya (Example 5) .... 

• 

2 

3 

32 i 

Mean M.S. by Ar. Sid 

. . 27 March (86) 

5 

14 

29J 

Coll. Dur. to Tula samk. (Table XIX.A) . 

. . (182) 

0 

11 . 

3 

Mean Tula samk. by Ar. Sid. 

. . (269) 

6 

5 

36 


Answer. 269 = (Table IX.), September 26th. 6 = Friday. Friday, September 26th, A.D. 1231, 
at 5 h. 36 m. Lanka time. 


Example 16 . — The same, according to the Surya Siddhania 

Rule. Find the moment of true Mesha samkranti according to the Siir^Hi Siddhania from Table I., 
or by Examples i or 4. Add the ^odhya interval according to the same Siddhanta (Example 6). Add 
to the product the collective duration from Mesha samkranti to the given samkranti, using Table Xl X.B. 

Wanted the time of mean Tula samkranti by the Siirya Siddhanta in Saka 1153 expired, 
A.D. 1231-32. 


True M.S. by Su, Sid. (Table I.) . 

Add iodhya (Example 6). 

Mean M.S. by Su. Sid 

Coll. Dur. to Tula samk. (Table XIX. B) 

Mean Tula samk. by Su. Sid. 

Answer. Friday, September 26th (= 269 by Table IX.), A.D. 1231, at 7 h. 30 m. Lanka time. 


d. 

25 March (84) 

27 March (86) 

(182) 

(269) 


w. 

3 

2 

'5 

0 

“6' 


h. 

12 

4 


m. 

18 

6 


16 

_ 13 . 

7 


24 

6 


30 


Example 17 . — To convert the time of any mean sidereal samkranti as found according to the Arya 
Siddhanta into the same according to the Siirya Siddhanta. 

Rule. The time according to the Arya Siddhanta being given, apply to it Correction I. (Table 
XVII. as it stands) and the time-difference between the 46 dhya intervals according to the two authorities, 
viz. + 33 m. 18 s. (See “ Correction III." § 57, above.f 

Wanted the time of mean Tula samkranti by the Surya Siddhanta in Saka 1153 expired, 
A.D. 1231-32, the time of the same according to the Arya Siddh&nta being given as Friday, 
September 26th, A.D. 1231, at 5 h. 36 m. , 


Ar. Sid. hours and minutes 5 36 

Corr. I. (Table XVII.) -f i 21 

Sbdhya difference -f ^ 


7 30 

Answer. Friday, September 26th, A.D. 1231, at 7 h. 30 m. Lanka time (as found in Example 16). 


^ Note that while for the similar conversion of true sidereal samkrantis we have to take into account the different 
lengths of true months by the two authorities* the difference in the lengths of mean months is so slight that it may as a rule be 
safely ignored. 
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Example i8. — I'he reverse process. 

Rule, The time according to the Surya Siddhdnia being given, apply to it Correction I. (Table 
XVI L, with signs reversed) and the time-difference between the ^odhya intervals according to the two 
authorities, viz. — 33 m. 18 s. 

Wanted the time of mean Tula samkranti by the Arya Siddhdnia in Saka 1153 expired, 
A.D. 1231-32, the time of the same according to the Surya Siddhdnia being given as Friday, 
September 26th, A.D. 1231, at 7 h. 30 m. 


h, m. 

Sti. Sid. houis and minutes 7 30 

Corr. I. (Table XVII.) — i 21 

Ssdhya difference — 33 


5 36 

Ansu^er. Friday, September 26th, A.D. 1231, at 5 h. 36 m. LaAka time. 


Example i8a. — To find ihe momcni of any true iropical samkrdnii according lo the Arya Siddhdnia. 
Rule. (This is fully given above, under “ Tropical samkrantis,” §§ 36 to 39. See also pp. 152-3 
of the Indian Calendar, and the working for tropical Mesha’ samkranti shown in Example 9.) Find 
the moment of the con'csponding true sidereal samkranti as in Example ii. 

Wanted the time of tropical Makara samkranti in the year Saka 1000 current, A.D. 1077-78 : — 



d. 

w. 

h. 

m. 

Time of sidereal MSsha sathk. {Table I.) 

. 23 March (82) 

5 

14 

52 

Coll. Dur. to Makara samk. (Table XVIILA) . 

(275) 

2 

15 

_ 43 

Time of sidereal Makara samk 

^ 358 ) 

I 

6 

35 


The Makara samkranti therefore occurred on Sunday, December 24th (358* Table IX.), at 6 h. 35 m. 
Lanka time. 

(a) Rough calculaiion. (The given year, Saka) 1000 — 445 (the base year) = 555. 555 ghatikas 
5= 9 days 15 gh. = 9 d. 6 h. Deducting 9 d. 6 h. from December 24th, 6 h. 35 m., we arrive at Friday, 
December 15th, at oh. 35m. Lanka time, or 35m. after sunrise, as the required moment of tropical 
Makara samkranti in the given year. 

(h, i.) Accurait calculaiion. The 9 days in question belong to the sidereal month Dhanus, the 
length of which is, by the Arya Siddhdnia (Table on p, 10, Ind. Cal., or Table XVIII.A), 29 d. 8h. 
24 m. 48 s. The difference of years, 555, multiplied by = 9^^, or, in ayanamSas (degrees of precession), 

29 d. 8 h. 24 m. 48 s. X 9® 15' 

9 d. I h. II m. 39 s. 


30 


Call this 9 d. i h. 12 m., and deduct it from the time of the true sidereal Makara samkranti already found. 


d. 


W. 

h. 

m. 

24 Dec. 

(358) 

I 

6 

35 

9 

( 9 ) 

2 

I 

12 

15 Dec. 

349 

6 

5 

23 


Answer. Friday, December 15th, A.D. 1077, at 5h. 23 m. Lanka time. 

(b, ii.) The sum above being troublesome, we may substitute the hours, &c., for one degree of 
Dhanus, and carry out the calculation by col. 2 of Table XX.A. The sum is then simplified into — 

0 d. 23 h. 28 m. 49.6 s. X 9® 15' 


which yields the same result. 
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(b, iii.) Or we may make the calculation still easier by working entirely in decimals by the same 
Table, 9“ 15' being 9.25®. 

0.97835 X 9.25 = 9 0497375 . 

This, taken in clays, &c., by Table XXXVI. = 9 d. i h. ii m. 37.54 s., which diffei-s from the, fii-st (b, i.) 
by about one second only. Using the full number of decimals the results agree exactly. 


Example i8b. — To find the moment of any true tropical samkrdnti according to the Surya 
Stddhdnta, 

Rule. {See Rule in Example i8a.) Firet find the moment of the time sidereal saihkranti in the 
given year, and then work according to rule. 

Wanted the time of tropical Makara samkr^ti, according to the Siirya Siddhanta, of Saka 1000 
current, A.D. 1077-78. 

d. w. h. m. 

True, sidereal Mesha saihk. by Ar. Siddh. {Table I.) . 23 March (82) 5 14 52 

Corr. I. {Table XVII.) {See Example i) . . + 13 

True sidereal M.S. by Surya Siddh 23 March (82) 5 15 35 

Collective duration to Makara saihkranti by the Siirya 

Siddh. {Table XVIII.B) . . . (275) 2 15 17 

(358) I 7 12 

358 = December 24th. i = Sunday. Tnie 5 'dereal Makara samkranti took place on Sunday, December 
24th, A.D. 1077, at 7 h. 12 m. Lanka time. 

{a) Rough calculation. (The given year, Saka.) 1000 — 422 (the base-year according to this 
Siddhanta) = 578. 578 ghatikas = 9 days 38 ghatikas == {Table XXV.) 9 cl. 15 h. 12 m. 

h. m. 

Sidereal Makara saihkranti Dec. 24 7 12 

Deduct 9 15 12 


Dec. 14 16 0 

Roughly, tropical Makara samkranti occurred on December 14th, A.D. 1077, at 16 h. 0 m. 
Lanka time. 

(6, i.) Accurate calculation. The 9 days in question belong to the .sidereal month Dhanus, the 
length of which according to the Surya Siddhanta is {Table on p. 10, Ind. Cal., or Table XVIII.B) 
29 d. 7h. 37 m. 36 s. The difference of years, 578 x jgo =8.67 =, in ayanamSas, 8® 40' 12". 


29 d. 7 h. 37 m. 36 s. X 8® 40' 12' 

30 


= 8 cl. II h. 50 m. 15 s. 


Call this 8 d. 11 h. 50 m., and deduct it from the time of true sidereal Makara samkranti already found 

h. m. 

Dec. 24 7 12 

— 8 II 50 


Dec. 13 19 22 

Answer. The tropical (sayana) Makara samkranti took place on December 15th, A.D. 1077, at 
19 h. 22 m. Lanka time. 

{b, ii.) Instead of the above fraction ^ we may use Table XX.A, where this division 

has been carried out, and substitute for it 0 d. 23 h. 27 m. 15.2 s., multiplying this by 8® 40' 12'. 
The result is the same. 
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(bt iii.) Or, lastly, we may, saving much trouble, work entirely by decimals as given in Table XX. A, 
Here the sum to be done is — 

0.977259 X 8.67. This = 8.492838, 
and = , as before, 8 d. 11 h. 50 m. 15 s. 

[It must be remembered that, whereas in j^ars later than the base-year of the SiddhSnta the 
days intervening between the tropical and sidereal samkrantis belong to the sidereal month preceding 
the sidereal samkranti, in years earlier than the base-year those days belong to 
Noic io Examples the month bearing the same name as, or to a month later than, the sidereal 

9, 10, i8a, i8b. samkranti. The base-year, for instance, of the Arya Siddhdnta for tropical calcula- 

tions is Saka 445 current, A.D. 522-23, when by that authority the sidereal and 
tropical signs coincided. After that year the tropical sarhkrSntis preceded the sidereal, or were earlier 
in time than they, and the intervening period belonged to the sidereal months preceding the given one. 
On the other hand, in years earlier than Saka 445 current the tropical samkrantis w'ere later in time 
than the sidereal one, and the intervening clays fell in the same, or, in case of much earlier years, a later 
sidereal month. It is not possible to simplify by tabulation the process of work for tropical samkrantis, 
for we cannot, as in the case of sidereal samkrantis, ascertain and tabulate the exact lengths of the 
months. These vary in ev’ery year in consequence of the change of position of the equinoctial point. 
Calculation for the moment of occurrence of ev’ery tropical samkranti must therefore be specially made 
according to the rules giv’en.J 


Civil days. 

Example 1 ().--To find the European civil day corresponding to a given Hindu solar day by either 
Siddhdnta. 

Rule. Find, from Table 1 . or by Examples i, 3, or 4, the moment of true sidereal Mesha 
samkranti according to the authority used. Add to the time so found the collective duration of inter- 
vening solar months, by the same authority, to the end of the month preceding the given month 
(Table III, of the Indian Calendar, or Tables XVIII.A or XVIII. B), This gives the moment of 
samkranti at the beginning of the given month. Decide by the rules given under “ Days of a civil 
month” § 43, abov'e, and from the moment of the samkranti last found, which European day was the 
first civil day of the solar month. Add the number of intervening days, remembering that the Hindu 
civil day begins at sunrise. 

Wanted the European day corresponding to Tuesday, the 24th day of Karka in K. Y. 4372 expired. 

This is an actual date of an inscription. The year = A.D. 1271-72. Work by the Arya Siddhdnta 
first : — 



d. 

W. 

A. 

m. 

Mesha saihkrSnti (Table 

. . 25 March (84) 

4 

19 

17 

Coll. dur. to Karka sarak. (Table XVIII.A) 

. • ( 93 ) 

2 

22 

24 

Karka samkranti 

. . 27 June (178) 

0 

17 

41 


We examine the rules for the first civil day of Karka ; — 

(i.) Bengal Rule. It began on Sunday, June 28th. 

(ii.) Orissa Rule. It began on Saturday, June 27th. 

(iii.) Tamil Rule. It began on Sunday, June 28th. 

(iv.) Malabar Rule. It began on Sunday, June 28th. 

Add 23 days in each case, the given day being the 24th, and we have for result (Rules i., iii., iv.) 
Tuesday, July 21st, or (Rule ii.) Monday, July 20th. The inscription itself quotes Tuesday as the 
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week-day, and, since it was in a South- Indian inscription, we gather that the date was fixed by one of 
the South-Indian Rules iii. or iv. (See footnote 3, p. i£, Indian Calendar.) 

[Work by the Surya Siddhdnta is precisely similar, only the Mesha samkranti must be fixed by 
that authority, and the collective duration of the months must be taken from Table XVIII. B.] 


Luni-Solar reckoning. 


True lunar months and tilhis. 


Example 20. — To find the true current tithi, its beginning-time and ending-time at any moment by 
the Arya or Surya Siddhdnta. 

Rule. (For full directions see Examples I. to VIII., §§ 139 148, Indian Calendar, pp. 77-86.) 
Having established the exact yeai concerned, take from Table 1 . the details (cols. iQ-25) for mean sunrise 
on the first civil day of the luni-solar year. Add to these the similar details for the number of civil days 
contained in the interval between that moment and mean sunrise on the given day, obtaining them 
from cols. 3, 3A of Table III. and from Table IV. The jrroduct shows the details for mean sunrise on 
the day concerned. If necessary, add the same details for any inter\’ening hours and minutes up to the 
special moment given. From the a, b, c so resulting calculate the t according to the Indian Calendar 
rale quoted, continuing the process as there laid down, if absolute accuracy is desired — the first result 
obtained being a close approximation. The final result is absolutely accurate in mean time. If it is 
necessary to work for true or apparent time use the corrections given in Tables F and G of " Eclipses 
of the Moon in India," or those given by Prof. Jacobi in Epigraphia Indica, II., 487 ff. The process 
is the same both by the Arya and Surya Siddhdntas. 

Wanted the tithi current at mean sunrise on March 25th, A.D. 1149, K.Y. 4250 expired. 

Table I., col. 19, shows that the first civil day of the luni-solar year, or the first day of the month 
Chaitra in this year, was March 12th. We take the necessary details : — 

d. w. a. b. c. 

At mean sunrise, Chaitra ^ukla i . . . 12 March (71) 0 82 951 24b 

Interval to given day, 13 days (Table IV.). For 

the week-day (13 — 7 =) 6 . . -f- 13 (ij) 6 4402 472 36 

At mean sunrise, March 25th (6=Friday) 25 March (84) 6 4484 423 282 

Equation b (Table VI.) 206 

Equation c (Table VII.) i 


t — 4691 


4691, by Table Vlll., col. 3,= the 15th 6ukla tithi of Chaitra, and this was the true tithi current 
at mean sunrise. This is the date of an actual inscription in South India. If the moment given had 
been a stated hour and minute of that day we should have added to the a, b, c already obtained the a, b, c 
for those hours and minutes from Table V., and from the total have obtained the value of t. 

[The inscription in question gave the date as in a king’s regnal year known to correspond with 
K.Y. 4250 expired, and it told us that at mean sunrise of a certain Friday the 15th tithi of the bright 
half (§ukla) of the luni-solar month Chaitra was current. The luni-solar year K.Y. current 4251 began, 
as already shown, on March 12th, A.D. 1149. The number of elapsed tithis was 14. But if we had 
begun by adding to the a, b, c of March 12th the a, b, c for 14 days, we should have found that the 
i6th tithi, and not the 15th, was current at sunrise, and that the corresponding week-day was a Saturday. 
This shows that it is unsafe to work otherwise than by the rule given.] 
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The beginning of the i^lh tiihi. At mean sunrise on March 25th the tithi-indcx (/) was found 
to be 4691. The beginning of the tithi was {Table VIIL, i^th iukla tithu coL 3) 4667, and the ending 
5000. 4691 — 4667 ===: 24 = (TaWc X.) I h. 42 m. in mean time. The 15th Sukla tithi, therefore, 
began approximately i h. 42 m. before mean sunrise on March 25th. But let us suppose that wc want 
perfect accuracy. e calculate for the value of / at i h. 42 m. before sunrise by deducting from the 


a, b, c for sunnse the rr, 6, c for that period by Table V. 

a, b, c, 

\ alues (found) for sunrise 4484 423 282 

V’^alues for i hour (Table V.) — 14 2 0 

Values for 42 minutes (Table V.) — 10 i 0 

4460 420 282 

Equation b (Table VT) .... 208 

Equation c (Table VII,) .... i 

4669 


4669 — 4667 (the beginning-point of the 15th ^uk. tithi) = 2 = (Table X,) 9 m., by which amount 
eaiher than i h. 42 m. the tithi really began. This gives us 1 h. 51 m. before sunrise, in mean time, as the 
exact beginning time of the tithi. 

The ending of the 15th sitkla tithi, 5000 — 4691 =^309 = (Table X.) 21 h. 16 m. + 38 m. — 
21 h. 54 m. The tithi expired approximately at 21 h. 54 m. after mean sunrise on March 25th. For 
exact calculation we work as before : — 



a. 

b. 

c. 

\'alues (found) for sunrise 

4484 

423 

282 

\’alues for 21 h. (Table V.) 

4- 296 

32 

2 

Values for 54 m. (Table V.) 

+ 13 

I 

0 


4793 

456 

284 

Equation b (Table VI,) . . . . 

179 



Equation c (Table VII.) . . , , 

I 



1 ■■ 

= 4973 



5000 — 4973 = 27 = {Jable X.) 1 h. 55 m. We have to arrive 

at exactly 

5000, 

and have 

discovered that the time, 21 h. 54 m after sunrise, was not late enough by 

1 h. 53 m. 

We now therefore 

try for 23 h. 49 m, : — 

a. 

b. 

c. 

Values (found) for sunrise 

4484 

423 

282 

Values for 23 h. (Table V.) 

+ 325 

35 

3 

Values for 49 m. (TabU V.) 

+ 12 

I 

0 


4821 459 285 

Equation b 176 

Equation 2 


/ = 4999 

This is close enough to 5000, and we may take the mean-time ending of the tithi as 23 h. 49 m. 
after sunrise ; or we may add i, or 4J m., to the mean-time, making the ending 23 h. 53 m. We cannot 
be absolutely certain, by this method of calculation, which result is the correct one ; for all the five 
terms which have been added together under the heading a to produce the final result / consist of whole 
figures with the fractions omitted, and in the end it can only be said that the result is exact within one 
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unit, or 4J m., either way, the difference rarely amounting to two units, or 8 J m. All close cases should 
be examined by Prof. Jacobies Special Tables (Epig. Ind., /.). 

In future I only take note as a rule of the first approximation, as it is needless to work every 
example further than this. But the full process must be carried through whenever the first approxima- 
tion brings us near to sunrise. See, for an instance, Example 23 below. 

Example 21. — Another example of the same. A year with a “ true ** intercalated lunar month. 

Rule. The work is precisely the same ; but in calculating the number of tithis or days to the 
given tithi or day from the first civil day of the luni-solar year, Chaitra 4 ukla ist, we must, if the given 
tithi belongs to a lunar month later than the month shown as intercalated in cols. 8 or 8a of Table I. 
(Ind. Cal.), add a month of 30 tithis to the interval. 

Wanted the European day, week-day, and time corresponding to mean sunrise of the day described 
in an inscription as Sunday, the 9th tithi of the dark fortnight of [amanta] Phalguna in Saka 1124 
expired.*’ 

The year {see Table I.) was K.Y. 4303 expired, A.D. 1202-3. \"aisakha was the intercalated 
lunar month. The interval to the end of Magha as given in Table III., col. 3, is 330 tithis, but in this 
year was 360 tithis because of the intercalation. Add 15 tithis of the bright half of Phalguna and 8 tithis 
of the dark half, total 23. Grand total 383 tithis, or (383 — -= 377 approximat(ily. Working 

for this interval we find it correct. 




d. 

w. 

a. 

b. 

c. 

A.D. 1202 Chaitra ink. i {Table 7 .) 

sunrise . 

25 Feb. (56) 

2 

239 

939 

203 

377 days {Table IV.) 

. 

( 377 ) 

6 

7664 

682 

32 

Sunrise, 377 days after Ch. 6uk. i . 

. * 

( 433 ) 

I 

7903 

621 

235 

Equation b 

{Table VI.) 



43 



Equation c 

{Table VII.) 



0 





t 

= 

7946 




433 {Table IX.) = March gth, of the following A.D. year, i = Sunday, t = 7946 shows 
{Table VIII.) that the gth krishna tithi of Phalguna was current at mean sunrise. 

Answer. The sunrise in question was that of Sunday, March gth, A.D. 1203. 

The beginning and ending of the tithi can be calculated as in the last example. 

Example 22. — Another example. Wanted in European reckoning the time of the occurrence 
of full-moon in amanta MargaSirsha of K.Y. 3401 expired. (There was no added month in this year.) 

The given year — A.D. 300-1. Full-moon day is the 15th ^ukla tithi. Interval from Chaitra 
sukla 1st to the 15th tithi in Marga^Irsha — (to end of Karttika, by Table III., col. 3, 240 tithis + 14 
tithis in Marg.) 254 tithis ^or (254— W') 250 days. 



d. 

w. 

a. 

b. 

c. 

(Tabu I.) A.D. 300 Chait. iuk. i, sunrise 

. 8 Mar. (68) 

6 

9981 

896 

255® 

250 days (Tabu IV.) .... 

(250) 

5 

4658 

73 

6S4 

Sunrise, 230 days after Ch. 4 uk. i . 

• (318) 

4 

4639 

969 

939 


Equation b {Table VI.) 113 

Equation c {Table VII.) 83 

At mean sunrise, / — 4835 

318 ~ {Table IX.), the year A.D. being a leap-year, November 13th. 4 -- Wednesday. At 

' See Indian Calendar, f 139, p. 77, note 4. 

“ There is a misprint in Table 1. The entries in cols. 21 to 26 against this year (p. iii.) should be respectively 35, *106, 
9981, 896, 265. 
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mean sunrise the tithi-index was 4835. The tithi therefore expired, and the moment of full-moon 
occurred {Table VIII.) at (5000 — 4835) 165 after sunrise, which {Table X.) = (7 h. 5 m. + 4 h. 36 m.) 
II h. 41 m. We work for this interval, the details for which are to be added to those for 


sunrise : — 

a. b. c. 

At mean sunrise November 13th, A.D. 300 4639 969 939 

II h. {Tabu V.) I 55 17 i 

^ira. {Table V.) 10 i 0 

4804 987 940 

Equation b 128 

Equation c 83 

t = 5015 


(/ =) 5015 shows that the moment of full-moon was (/ =) 15 earlier, or {TabU X.) i h. 4 m. earlier 
than the hour already obtained, viz., ii h. 41 m. after sunrise. We consequently, desiring absolute 
accuracy, test the result again for an inter^’al from sunrise of (ii h. 41 m. — i h. 4 m.) = 10 h. 37 m. 


a. b. c. 

At mean sunrise November 13th. A.D. 300 4639 969 939 

10 h 141 15 I 

37 ™ 9 I Q 

4789 985 940 

Equation b 127 

Equation c 83 

4999 


This is correct ail but (/ = i, or) 4 minutes, and therefore we have for final result that the full-moon 
moment of M&rgaiirsha in the year corresponding to A.D. 300-1 (K.Y. 3401 expired) occurred at from 
10 h. 37 m. to 10 h. 41 m. after mean sunrise on Wednesday, November 13th, A.D. 300. 

[Turning to my “ Eclipses of the Moon in India ” {Table E, p. i, cols, i, 2, 3), it will be seen that 
according to ad\’anced modem science (von Oppolzer’s Canon der Finslernisse, adapted to LankS mean 
time for India) there was a total eclipse of the moon on that day, the moment of full-moon being stated 
as 10 h. 34 m. mean time on the meridian of Lanka.] 

Ex.'VMPLE 22.k.~ {The example given by Prof. Jacobi in “ Ind. Ant.” XVII., p. 155.) Was there 
a lunar eclipse in Sravana, A.D. 1144 ? 

I work this by my method. We want the moment of full-moon in lunar ^rivana. Turning 
to Table I. we find that the Hindu year, = K.Y. 4245 expired, was a common one, and we take the details 
for Chaitra ivik. ist, mean sunrise. {Cols. 19-25,) We find the interval from that moment to mean 
sunrise of the full-moon day of isravana, i.e., the 15th ^ukla tithi, as near as we can guess it ; thus, to 
end of Ashadha 120 tithis {Table III., col. 3) -f 14 tithis in Sravana; total 134 tithis = 132 days. 



d. 

W, 

a. 

b. 

c. 

A.D. ii44Chait. iuk. i (Table I.) 

. . . 7 March (67) 

3 

47 

501 

233 

Interval 132 clays (Table IV,) 

. . • (132) 

6 

4699 

790 

361 


(299) 

2 

4746 

291 

594 

Equation b {TabU VI.) 


276 



Equation 

c {TabU VII.) 


94 





/ = 

5116 
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199, the English year being a leap-year = July 17th. 2 = Monday. At mean sunrise that day 
t =■ 5116 (Jacobi calculates it as 5115). The moment of full-moon (5000) was 116 (=, by Table X., 
7 h. 5 m. + I h. 8 m.) = 8 h. 13 m. before mean sunrise on Monday, or at 15 h. 47 m. Lanka time on 
Sunday, July 16th, A.D. 1144. 

Professor Jacobi remarks that “ it is likely there was a small lunar eclipse,” and refers readers 
to von Oppolzer’s Canon der Finsternisse. My own small volume, “Eclipses of the Moon in India," ' 
now contains all the information required, as it gives von Oppolzer’s own figures converted to 
Indian, Lanka, time. Table E of that work shows that on Sunday, July i6th, A.D. 1144, there 
was an eclipse of the moon measuring 2.5 (in twelfths), and that von Oppolzer’s determination 
of the moment of greatest phase, stated in Lanka time, is precisely the very moment determined 
by our own work above, viz., 15 h. 47 m. after mean sunrise. Continuing the calculation for absolute 
accuracy I find that the Hindfi system fixes 15 h. 51 m., or 4 minutes later, as the moment of 
greatest phase. 

This exact correspondence between Hindfi computation and modern European science, while 
it is interesting, is not always to be looked for ; though in lunar calculations we need never expect serious 
divergence, and it must not be forgotten that the time of occurrence of eclipses would generally be 
computed locally, i.e., taking count of the difference in latitude and longitude between Lanka and 
the principal place in the neighbourhood of the calculator. 

Example 23. — To find whether a true tithi is repeated (adhika) or suppressed (kshaya). 

Rule. Find, by the method shown in the last example, the tithi-index (/) at sunrise of the civil 
day concerned, and the beginning and ending times of the tithi then current. If the current tithi, which 
began before sunrise of that day, is also current at the next sumise, so that the sun rose twice on it, 
it is added or repeated {adhika). If the tithi current at sunrise ended very shortly after sunrise, and 
the next tithi, beginning after sunrise and ending before the next sunrise, was therefore current at no 
sunrise, the latter tithi is expunged (or becomes kshaya). Sunrise was probably, for local almanacs, 
calculated a,s true or apparent sunrise, but for purposes of our general Tables is taken as mean sunrise. 
The ” repetition ” or “ expunction ” of a tithi does not concern the duration of the tithi itself, which 
always runs its course ; but merely concerns the nomenclature of the civil day which takes its 
name from the tithi current at sunrise. {Text, “Adhika and kshaya tithis," §§86-89, “Hints," 
Nos. 15, 16.) 

As an example we examine the adhika tithi noted in the Panchaiig extract on pp. 14, 15 of the 
Indian Calendar. We examine, that is, the tithis connected with the sunrises on the iith, 12th and 13th 
September, A.D. 1894 (New Style), corresponding to the 12th, first 13th, and second 13th tithi of the 
bright or first fortnight of amSnta Bhfidrapada in Saka 1817 current. The days concerned were Tuesday, 
W’ednesday and Thursday. We accept the Paftchafig as accurate. The times are given in ghatikas 
and palas, and we convert them to hours and minutes by Table XXV. The 12th Sukla tithi ended on the 
Tuesday at 56 gh. 44 p., 01 at 22 h. 42 m. after sunrise. Tlie 13th tithi, that is. began at that moment, 
or at I h. 18 m. before sunrise on the Wednesday. It ended at i gh. 23 p., or 33 m. after sunrise on 
Thursday. It was therefore current on the two sunrises of Wednesday and Thursday. It had to give 
its number to both Wednesday and Thursday. Wednesday was connected with the “ first 13th ” Sukla 
tithi and Thursday was connected with the second tithi of the same number, or the “ second 13th.” 
The first is generally called the ” adhika 13th ” and the second the " nija 13th.” The 14th tithi was 
current at sunrise on the Friday, ending 5 gh. 18 p., or 2 h. 7 Iftter, and it gave its number to that 
Friday. . . 

* Published ten yeers later. 
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Calculation by our Tables (which are always framed for mean sunrise) for the sunrise of the 
Wednesday concerned, or September 12th, A.D. 1894, is as follows : — 


d. 

w a. 

b. 

c. 

Chaitra luk. i (Table /., cols. 19-25) . . 7 April (97) 

Inten'al to Bhadr. iuk. 13, 150 tithis to end of 

SrSvana + 12 expired tithis in Bhadr. = 

0 296 

802 

265 

162 tithis = 158 days = (Table IV.) . (158) 

4 3.S04 

734 

433 

At sunrise on (255 =, by Table IX.) Wed., Sept, 12th (255) 
Equation b (Table VI.) 

Equation c (Table VII.) 

4 3800 
109 
118 

t = 4027 

536 

698' 


Accordingly (Talk VIII.) the 13th tithi began (4027 — 4000) at 27, or (Table X.) i h. 55 m. before sunrise 
on Wednesday and ended (4333 — 4027 =) at 306, or (Table X.) 21 h. 42 m. after sunrise. Continued 
calculation, however, for \ ery accurate results shows that the 13th tithi began at 2 h. 4 m. before sunrise 
on ^^■ednesday and ended at 23 h. 54 m., or six minutes before sunrise on the Thursday ; so that by our 
Tables this 13th tithi would have been regular and not adhika, since it did not touch the Thursday sunrise. 

This example shows how careful epigraphists have to be when calculating. The difference of 
longitude between Lanka (E. long. 75“ 46') and Poona (E. long. 73° 55') causes the 13th tithi, which— 
calculating as all our Tables do for the longitude of Lanka, we have found to have ended six 
N.B. minutes before sunrise on the Thursday — to have ended at Poona after sunrise on that day ; since 

to its ending-time we have to add 8 m. for longitude {Table XL). While it ended at 23 h. 54 m. 
on the ^^■ednesday at Lanka, it ended at 0 h. 2 m. on the Thursday at Poona; and therefore, whereas 
at Poona the 13th tithi was repeated, it would not have been so at Lanka. At Poona the second 13th 
tithi was associated with the civil day beginning at mean sunrise on September 13th, since it was current 
at that moment. At a place on the meridian of LankS, however, the civil day September 13th would have 
been coupled regularly with the 14th tithi, which was actually current at mean sunrise on that day. To 
put the case in another way : — At the time when at Lanka the hour was 6 a.m. it was 5.52 a.m. at Poona, 
and, since the 13th tithi ended at 5.34 a.m., it was current at mean sunrise at Poona, but not at LahkS. 

Another reason for a difference in results is that while we follow throughout the Arya and Surya 
Siddhantas, the Poona almanack-makers have for many years past been including in their calculations 
certain corrections introduced in the i6th century by GanSia Daivjna (Ind. Cal., j>. 13, note 2), and 
this practice is general in the Mahratta country. The example is therefore instructive. It shows how 
different results may arise from differences in local practice, and proves the necessity of careful calculation 
when the first approximate result arrived at shows that a tithi began or ended very close to sunrise. 

\\'e continue our examination of this Paftchang for the kshaya or expunged tithi in the second 
fortnight of the same month. We work for the moon’s age at the three successive sunrises of the 21st, 
22nd and 23rd September, Friday, Saturday and Sunday. 


d. 

W, 

a. 

b. 

c. 

As before. Chait. Suk. ist (Table I„ cols. 19-25) 7 April (97) 
Interval to Bhadr. kr. 6, 150 tithis to end of 

0 

296 

802 

265 

SrSvana -t- 20 expired tithis in Bhadr. = 

170 tithis — 167 days (Table IV.) . . (167) 

6 

655a 

61 

457 

At sunrise on (264 =) September 21st, Friday (264) 

Equation b (Table VI.) . 

Equation c (Table VII.) . 

6 

6848 

34 

Z 20 

863 

722 


t =“ 

7002 
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The 6th krishna tithi ended (Table VIIL) at (7002 — 7000 = 2 =) 9 m. (Table X.) before sun- 
rise on the Friday, and at that sunrise the 7th krishna tithi was current. Now the Paiich§hg states that the 
6th krishna tithi lasted till 0 gh. 16 p., or till (Table XXV.) 6 m. 24 s. after sunrise on that day when 
the 7th tithi began. This 7th tithi ended at 55 gh. 18 p., or (Table XXF.) 22 h. 7 m. la s. on the same 
day, i.e., at 1 h. 53 m. before the next sunrise, being therefore expunged, since no sunrise occurred on it. 
But according to Indian Calendar calculation the 7th tithi had begun very shortly before the Friday 
sunrise, and consequently was not expunged since a sunrise occurred in it. We therefore examine the 
state of things at the sunrise of the previous day, Thursday, by our method. We deduct from the 
a, b, c of Friday sunrise, the a, b, c for one day : — 



a. 

b. 

c. 

At sunrise on September 21st, Friday .... 

6848 

863 

722 

Deduct for one day (Table IV.) 

• • - 339 ■ 

- 36 

- 3 

At sunrise on September 20th, Thursday .... 

. . 6509 

827 

719 

Equation b (Table VI.) . 

. . 16 



Equation c (Table VII.) 

. . 120 




t = 6645 




By Table VIII. we learn that the 5th tithi was current at sunrise on Thursday, expiring 
(6667 — 6645 = 22 =) I h. 34 m. after sunrise. At that moment the 6th tithi began, and 
we have seen that it ended 9 m. before sunrise on the Friday. No sun therefore rose on it. 
By Indian Calendar calculation for LahkS, therefore, it was the 6th and not the 7th krishna tithi 
that was expunged. 

We find, therefore, a difference here between Indian Calendar results and the results obtained by 
the Poona calculators of A.D. 1894 of about 15 minutes, which difference causes the expunction of a 
different tithi by the two methods. 

I could have illustrated the method of work in this example in perhaps an easier manner, but 
thought it well to give a practical demonstration of how differences arise in these cases. The work 
itself is quite simple. 


Mean lunar months and tithis. 

Example 24. — To find the time of beginning and ending of a mean tithi in a mean lunar month. 
See the Rule and fully worked example given above (§§ 90-92). I give another example here from 
a fairly early inscription (Ind. Ant., XX 7 F., p. 2, No. 127), viz., a record of Bappuvarasa from a place 
near B^dimi. The given date is Saka 856 expired, in the year called Jaya, Wednesday, the 5th of the 
bright half of the month Karttika. 

Rules for work are given in the text, §§ 91, 92. We work by the second of these. 

The given year, S. 856 = A.D. 934-35. From Table I., cols. 19 to 25, we take the value of a at 
mean sunrise on the first day, Chaitra Sukla ist, of the given luni-solar year, together with the equivalent 
day and week-day of the Christian year ; we add to this a the constant, 201 ; add to this from Table IV. 
the a for the number of days intervening between Chaitra iukla ist and the given day ; and thus 
obtain the a for mean sunrise on the given day. Table VIII., cols. 2, 3, shows which tithi 

9 
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was current, and, with Table X., yields the mean-time of its beginning and ending. Thus, in the 


present case — 

d. w, a. 

Chaitra Suk. ist {Table /.), sunrise 19 Mar. (78) 4 (25+201 =)226 

For interval of 211 days to K£rtt. Suk. 5 ; to end 

ASvina 207 + 4 days in Kirttika {Table IV.) . . (211) i 1451 

Sunrise 21 1 days later (289) 5 1677 

1677 {Table VIII.) gives Suk. 6. This shows that the 
estimate of the interval in days is too large, and we 

reduce it by one day {Table IV.) , — 1 — i — 339 

Sunrise 210 days later (288) 4 1338 


a == 1338 {Table VIII.). This shows a current 5th Sukla tithi as given. 288 = {Table IX.) 
October 15th. 4 = Wednesday. 

Therefore we learn, roughly, that, by the system of mean lunar months, the given 5th Sukla tithi 
of Karttika of the given year was current at mean sunrise on Wednesday, October 15th, A.D. 934. This 
tithi began {Table VIIJ.) (1338 — 1333=) i = {Table X.) 21m. before mean sunrise; and ended 
(1667 — 1338 =) 329 = 23 h. 19 m. later. 

We now test this result by the slightly more accurate rule given first in § 92 above. Assuming, 
as already found, that by the mean system, the value of a at mean sunrise of Chaitra Sukla ist (Wednes- 
day, March 19th, day 78, ,A.D. 934) was 226, we find from Table X. that this = 14 h. 10 m. + 1 h. 51 m. 
= 16 h. 1 m. Hence the mean new-moon of Chaitra of the corresponding Hindfl year took place at 
16 h. 1 m. before mean sunrise on that day, viz. : on (3) Tuesday, March i8th, day 77, at 7 h. 59 m. 
after mean sunrise. The interval from this moment to the mean new-moon of Karttika is {Table XXI.) 


206 d. 17 h. 8 m. 

d. w. h. m. 

Chaitra mean new-moon ........ 18 Mar. (77) 3 7 59 

Inter\’al to Karttika mean new-moon {Table XXI.) . (206) 3 17 8 

Karttika mean new-moon (284) 017 


284 == {Table IX.) October 11th, A.D. 934. 0 = Saturday. The new-moon of KS.rttika occurred 
on this day at 1 h. 7 m. after mean sunrise. Four tithis intervened between this moment and the 
beginning of the 5th tithi. We therefore add the collective-duration given in Table XXI. for four mean 
tithis : — 

d. w. h. m. 

Mean new-moon of Karttika 284 017 

Interval of four tithis 3 3 22 30 

End of the 4th tithi 287 3 23 37 

287 =: October 14 {Table IX.). 3 — Tuesday. On this day the 4th Sukla tithi ended at 

23 h. 37 m. Lankl time, or 23 minutes before mean sunrise on Wednesday, October 15th. 

We thus find two minutes’ difference between the two methods of calculation, the latter being 
the more accurate. 

We are now able to discuss the question of the reliability and accuracy of the date as quoted 
in the record. Working by true months and tithis Professor Kielhom found {hid. Ani., XXIV., p. 2, 
No. 127), and (as I have proved independently) with perfect accuracy, that the quoted 5th £ukla tithi 
of Karttika in the given year began 2 h. 42 m. after mean sunrise on Wednesday, October 15th ; so that 
properly speaking (unless there were any special reason, which in this case does not appear, for departing 
from the usual custom) this 5th tithi should not have been coupled with the civil day Wednesday. 
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Working by mean months and tithis vve have found that this tithi began before mean sunrise on Wednes- 
day ; it was current at that sunrise ; and was regularly coupled with Wednesday. 

Therefore, though there is no proof of the fact, it is possible that the calculator of the date worked 
by mean lunar months and tithis in this case. The case may be compared with the date examined 
above (§ 92), viz. : the date of a record of the year A.D. 989, 55 years later. 

[These cases must at present be considered as isolated ones. A long course of study is necessary 
before any certainty can be arrived at as to when and in what localities the mean system gave way to 
the true system of calculation. In each of these instances there may possibly have been 
N.B. some special reason (not, however, at present discernible) for coupling, under the true 
system, a true tithi with a day on whose sunrise it was not current. (On this subject sec^ 
remarks by Prof. Kielhom, Ind. Ant., 1897, 177 ff.) ] 


Tithis coupled with dates in solar months. 


Example 26 . — To prove a date where a tithi is coupled with a solar month. 1 take a Chola date 
from the Tanjore District in Southern India as an example.^ The king’s given (loth) regnal year corresponds 
to either A.D. 1187 or 1188, the first year of the reign having begun between the 6th and 8th July, 
A.D. 1178. The solar month named is Karka, and therefore it may belong either to 1187 or 1188, since 
a day in Karka may be before July 6-8 or after it. We have to determine tliat point. The rest of the 
date is Saturday, the 12th iukla, or bright half, of an unspecified lunar month, the nakshatra being 
Mula. The authority to be used is the Ary a Siddhdnta. 

Rule. We work by the rules given above for true nirayana samkrantis and for true lunar months 
and tithis. First find the initial civil day of the given solar month by finding the moment of its initial 
sarhkranti {Example ii), and applying the appropriate local inile {above, § 43). H the given date is 
regular the lunar date must correspond with one of the days of this solar month. We therefore find 
the tithi current at mean sunrise of the first day of the solar month {Example 20) ; note the interval 
in whole days between that tithi and the given tithi ; apply the a, b, c {Table IV.) for those intei'vening 
days to the a, b, c of the former tithi ; and so find the a, b, c for the latter, or given tithi, at sunrise. 
With those figures we can calculate any nakshatra, yoga, or karana given in the date. 

First take Karka in the year A.D. 1187 = K.Y. 4288 expired, 4289 current. 



d. 

w. 

h. 

m. 

Mesha samk. by Arya Siddh. {Table L). 

. . . . (84) 

4 

I 

47 

Interval to Karka samk. i^Fable XV III. A) . 

. ■ . • (93) 

2 

22 

24 

Karka samkranti 

. . . . {178) 

0 

0 

II 


(178) June 27th, 0 = Saturday. On this day the Karka samkranti occuired at ii m. after mean 
sunrise. According to all rules this Saturday was the first civil day of Karka. We want the a, b, c for 
this Saturday at sunrise. 


Civil day of Chaitra ^uk. ist {Table I.) 

Interval of 178 — 72 days == 106 days {Table IV.) 
At mean sunrise on June 27th, Saturday . 

Equation 6 . . • 
Equation c . . > • 


d. w. a. b. c. 

(72) 6 293 678 246 

(106) 5 895 847 290 

(178) 0 6188 525 536 

118 
74 

i B 6380 = 5th kr. 

{Table VIII.) 


9 A 


^ Epig. In<1. X., p. 127, No, IfiS. 
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At mean sunrise on that Saturday the 5th krishna was the current tithi. The given tithi is the 12th 
Sukla, and the inter\'al between these two is 22 tithis, or about 21 days. 



d. 

w. 

a. 

b. 

c. 

(.4s above). At mean sunrise, June 27th . 

. . (178) 

0 

6188 

525 

536 

Interval {Table IV.) 21 days .... 

• • + 

0 

7111 

762 

57 

Equation b 

Equation c 

(199) 

• • 

* • 

0 

3299 

276 

94 

287 

593 



/ = 

3669 

Es 12 £ukla 


{TahU VIII.) 

This, I2th fiukla, was the given tithi. It began, as will be seen in Table VIII., at (( =) 3667, or 9 minutes 
(Tab/e X.) before sunrise on (0 =) Saturday, (199 =) July i8th, A.D. 1187. June 27th having been 
the ist Karka, July i8th was the 22nd Karka. 

For the nakshatra {Example 43 belm>) at sunrise that day we have — 

(c.) 593 X 10 = 5930 

Add Constant 7207 


3137 

Deduct Equation c = , , . — 94 

3043 

Add < = 3669 

6712 

6712 shows that i^Table VIII., col. 8) Mflla was the nakshatra at sunrise. 

The date as given is therefore entirely correct for July i8th, A.D. 1187. It could not be right 
for 1188, because the week-day would be wrong. It is not necessary to decide as to which lunar month 
the given tithi belonged, but if desired this can be got from Table III, We found 106 days interval 
between Chaitra 6uk. ist and June 27th, and 21 days thence to the day of the given tithi ; total, 127 
days. Table III., col. 3A, shows that lunar Ashadha ended and Srivana began after about 118 days 
from the beginning of the year, so the 12th ^ukla in question belonged to the lunar month Sravana. 


True inlercalalions and suppressions of lunar months. 

Example 27. — To find, by the Arya Siddhdnta, if a true lunar month was intercalated or suppressed, 
{a) A common year. 

(See above, §§ 95 to 103,“ Intercalations and suppressions of lunar months.”) If a lunar month is 
stated in an inscription-date as intercalated, or if one appears to have been suppressed, it must be ex- 
amined as directed in the examples which follow. The present examples are intended to test luni-solar 
years with a view to ascertaining whether they contained an intercalation or suppression of a month. 

Rule. Find the a, b, c of true Mesha samkr£nti according to the Arya Siddhdnta in the given 
year by adding to the a, b, c of sunrise on Chaitra Sukla 1st {Table I., cols. 19-25) the values of a, b, c 
given in Tables IV, and V. for the number of days, hours and minutes intervening between that day and 
the moment of Mesha saihkrSnti as given in Table I., cols. 13 and 17, or as found by Example 3 above. 
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If the a of true M€sha samkranti is found to be less than 5910 tlie year cannot contain any intercalation 
or suppression. {See “ Hints," No. 13, ii.) 

We require to know if there was any intercalation or suppression of a month in K.Y. 3870 expired, 
A.D. 769-770 : — 

a. b. c. 

At sunriseon Chait. huk. I., Day 73 cc/s. 19, 23-25) . . i 897 258 

Interval to moment of MSsha samkranti, Day 79 {Tabic cols. 13, 17), 

7 d. 22 h. 42 m. 7 da)^ ( 2 'aWe IV.) 2370 

2371 

We need go no further. The greatest increase of a for odd hours and minutes {Table V.) is 
(339 + 14) 353> 2nd we see at once that in this case a at Mesha samkranti must be less than 5910 ; so 
that there could be no intercalation or suppression of a month in this year. 

Example 28. — The same, {b) Year with an intercalated month. 

Rule. 1 assume that you are examining the conditions of the year, either (i.) to test a date wliich 
stales that a given lunar month was intercalated, or (ii.) to test a year in order to see whether any month 
was intercalated or suppressed in it. Begin, as in the last example, by finding the values of a, b, c 
at the moment of M6sha samkranti by the Arya Siddhanta. This done, and, finding that a is between 
5910 and 10,000, so that an intercalation of a lunar month is possible, proceed as follows : — In case (i.) 
turn to Table XV 1 II.A, find the stated month in col. i, and note the two solar samkrantis with which 
it is connected in col. 2. Add to the a, b, c of the Mesha samkranti the increase of a,b,ca& noted in 
col. 5 against the first of the two saihkrSntis. This gives the a, b, c of the first of the two samkrantis. 
Add to the total a, b, c so foimd the increase of a, b, c given in col. 8 from the first to the second of the 
two saihkrantis in col. 2. This gives the a, b, c at the moment of the second samkranti concerned. 
Take from Tables VI. and VII. the equations of b and c, and add them to the a of each of the two 
saihkrantis, which gives the t for each, or tithi-index. If the t of the first samkranti was near to but 
less than 10,000, and if the t of the second was near to but greater than 0, then the moon was waning 
at the first and waxing at the second samkranti ; there was no samkranti in the limits of the included 
lunar month, and that month was therefore intercalated. If the reverse was the case, i.e., if the t of 
the first samkranti was near to but greater than 0, while the t of the second samkranti was near to but 
less than 10,000, then the moon was waxing at the first and waning at the second samkranti ; there 
were two samkrantis in the included month, and therefore that month was suppressed. In case (ii.), with 
the same Table XVIII.A select a samkranti whose a, b, c (col. 5), when added to the a, b, c of Mesha 
samkranti as found, will be likely to result in a / near to but less than 10,000, and, considering that 
samkranti as the first of the two connected with the possibly intercalated or suppressed lunar month, 
work as before for the t of that and the next following samkranti. If for the reasons given above the 
month appears to be common, i.e., neither intercalated nor suppressed, then the month shortly before 
or shortly after it will be found, probably, to have been either intercalated or suppressed. The a, b, c 
values for the increase between each samkranti given in Table XVIII., col. 8, easily enable the 
calculation for months before and after the originally selected one to be made, by simple addition 
or subtraction. 

I give two examples of work, one under Case i. and one under Case ii. 

{Case *.) Table I. shows that in K.Y. 3869 expired, A.D. 768-69, the lunar month Jyeshtha 
was intercalated according to the Siirya Siddh&nta. Test it by the Arya Siddhanta. (This is the year 
next preceding the one given in Example 27.) 
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a. b. c. 

Chait. Suk. i (Table I., cols. 19, 23, 24, 25), Day 54, sunrise . . 9967 961 206 

Interval to MSsh. saihk., Day 80. 16 h. 30 m. (Table cols. 13, 17). 

(80— 54=) 26 d. 

26 d. (Table IV.) 8804 944 71 

16 h. (Table V.) 226 24 2 

30 m. (Table V.) 7 i 0 

At Mesha samkranti 9004 930 279 

Interval to Vrishabha sariik. (Table XVIII.A, col. 5) . . . 472 122 85 

At Vrishabha samkr^ti 9476 52 364 

Equation b (Table VI.) .... 186 

Equation c (Table VII.) .... 15 

t = 9677 

a. b. c. 

.\t X'rishabha samkrinti (as fouttd) 9476 52 364 

Interval Vrish. sathk. to Mithuna sarhk. (Table XVIII.A, col. 8), 

added to a, b, c of Vrish. samk 634 140 86 

At Mithuna samkranti no 192 450 

Equation b 271 

Equation c 41 

t = 422 


.^t the \’rishabha samkranti t = 9677 shows that the moon was waning and neai'ing new-nioon 
At the Mithuna samkrSnti t — 422 shows that new-moon was past and the moon was waxing. There 
was therefore no sariikrSnti in the lunar month Jyeshtha, which lay between the Vrishabha and Mithuna 
.samkrantis, and it was repeated, the. intercalated month being called Adhika, or additional, Jyeshtha 
and tlu' real month Nija, or true, Jyeshtha. (See above, § 97.) 

(Case it.) It is desired to ascertain whether the year K.Y. 3394 expired, A.D. 293-94, contained 
a true intercalated month by the Arya Siddhanta. 

(See Example 3 above.) 576 years + K.Y. 3394 = K.Y. 3970 expired, or A.D. 869-70, in which 
the time of Mesha samkranti by the Arya Siddhdnta is stated in Table I. as on March 21st, at 19 h. 32 m. 
Therefore the moment of Mesha samkranti in the given year, K.Y. 3394, was March 16th, at 19 h. 32 m. 
Laiika time. 

(For the method of finding the a, b, c for this moment, see above, § 80 ff.) 

In K.Y. 4394 expired, the ist civil day of Chaitra began at sunrise on March loth with <1 = 89, 
b = 670, c = 237. (TMe /., cols. 19-25.) Add the differences for a period of 1,000 years, and we have 
the a, b, c values for March loth, K.Y. 3394 expired (the given year), at mean sunrise. 



a. 

b. 

c. 

Chaitra ink. i, at sunrise on March loth, K.Y. 4394 expired . 

89 

670 

237 

1,000 years* interval 

4687 

500 

24 

Chaitra Suk. i, at sunrise on March loth, K.Y. 3394 expired . 
Interval to March i6th, 19 h. 32 m., the moment of Mesha samk., 
in K.Y. 3394 expired, 6 d. 19 h. 32 m. 

4776 

170 

261 

6 d. (Table IV.) 

2032 

218 

16 

19 h. (Table V.) 

268 

29 

2 

32 m. (Table V.) 

8 

I 

0 

At moment of MSsha samkranti 

7084 

418 

279 
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a. 

b. 


(Brought over) 

7084 

418 

279 

Looking at Table XVIII.A, col. 5, we select, as the most likely 




month, Bhidrapada, because of the values of «, b, c for its two 




connected samlaSntis. Add, for Siihha samkr&nti . 

2465 

551 

343 

At Sithha samkrSnti 

9549 

969 

622 

Equation h {(Table VI.) .... 

1x3 



Equation c [Table VII.) .... 

103 



i 

== 9765 




a. 

b. 

c. 

At Sirhha samk. (as found) 

9549 

969 

622 

Add interval to Kanya samk. {Table XVIJLAt col. 8) . . . 

510 

126 



59 

93 

707 

Equation b {(Table VI.) .... 

219 



Equation c (Table VII.) .... 

119 



i = 

= 397 



Thus the lunar month BhSdrapada was intercalate!, since at the Sirhha saihkranti i = 9765 

shows that the moon was still waning, and at tlie Kanya saihkranti i 397 shows that she was waxing. 

No solar samkranti occurred in Bhadrapada, and it was repeated. 




Example 29. — The same, {c) Year with a suppressed month. 




Work by above rule for the year K.Y. 3871 expired, A.D. 770-71. 





a. 

b. 

c. 

Chait. Sttk. 1, Day 62 [Table I.) 

216 

781 

230 

Interval to Mesha saihk., Day 80.(80 — 62) — 18 d. 4 h. 35 m. 




[Table /., cols. 13, 17)— 




18 d. [Table IV.) 

6095 

653 

49 

4 h. [Tabu V.) 

56 

6 

0 

55 m. [Table V.) 

X3 

I 

0 

At Mesha saihkranti 

6380 

441 

279 

With Table XVIII.A, col. 5, we have to guess the saihkranti 




whose values of a, b, c will yield a / not exceeding 10,000, and we select 




Kanya. 




Interval to Kanya samk _ 

2975 

677 

428 

At Kanya samkranti 

9355 

I18 

707 

Equation b 

235 



Equation 




i = 

9709 




a. 

b. 

c. 

Interval Kanya samk. to Tula samk., added to a, b, c at Kanya 




samk. (as found) 

9355 

118 

707 

Interval to Tula samk. [Table XVIII. A , col. 8 ) _ 

313 

106 

83 

At Tula samkranti 

9668 

224 

790 

Equation b 

277 



Equation 

119 



t » 

64 
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At the KanyS samkranti I = 9709 shows that the moon was waning ; at the TulS sathkrSnti / = 64 shows 
that she was waxing. Therefore the lunar month ASvina (see Table XVIII., cols. 1, 2) was intercalated. 

We proceed as before, with the a, b, c for Tula and for the interval to the next samkr§nti, 
VriSchika. 



a. 

b. 

c. 

At Tula samkranti 

Inters'al from Tula samk. to Vri^chika samk. (Table XVIII.A, 

9668 

224 

790 

col, 8) 

125 

85 

82 

At Vri^chika samkranti 

9793 

309 

872 

Equation 6 , 

270 



Equation c 

104 



t = 

Therefore lunar K^tika was a common month. 

167 



Again — 

a. 

b. 

c. 

At Vrikhika samkranti 

0793 

309 

872 

Interv^al to Dhanus samkranti 

9993 

71 

81 

At Dhanus samkranti 

9786 

380 

953 

Equation b 

236 



Equation c 

78 



/ = 

100 



Hence the lunar month Mirgailrsha was a common one. 




We proceed as before : — 

a. 

b. 

c. 

At Dhanus samkranti 

9786 

380 

953 

Interval to Makara samkranti 

9940 

65 

81 

At Makara samkranti 

9726 

445 

34 

Equation b 

188 



Equation c 

47 



t = 

9961 




At the Dhanus samkranti we have found that the moon was waxing. At the Makara samkranti, t being 
= 9961, she was waning. So there were two samkrantis in the lunar month Pausha, and it, Pausha, was 
consequently suppressed. 
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Example 30- — To find whether a lunar month wus common, intercalated or suppressed, according to 
the Siirya Siddhdnta. (a) A common year. 

The work is precisely the same as by the Arya Siddhdnta in the three preceding examples, only 
(i.) instead of using Table XVIII.A for the collective duration of solar months from Mesha sathkrinti 
and for the length of each month between samkrantis, Table XVIII.B has to be used ; and (ii.) when 
the moment of Mesha samkranti according to the Siirya Siddhdnta is not given in Table 1 ., but only that 
according to the Arya Siddhdnta, then the correction given for the year in Table XVII. must be applied 
in order to get the proper Surya Siddhdnta figure. 

Take the year given in Example 27, viz., K.Y. 3870 expired, A.D. 769-70, 

a, b. c. 

Chaitra 4 uk. ist, at sunrise March 13 {Table I. cols., 23-25). . 1 897 258 

Interval to Meslia samk., March 20, by the Arya Siddh. {cols. 13-17), 

7 d. 22 h. 42 m. + for the same by the Siirya Siddh. {Tabic 
XVH, for the year A.D, 769), 30 m. Total, 7 d. 23 h. 13 ni. 

7 d. (2'flWtf IV.) 2370 

We need go no further. The month was clearly a common one. {See Example 27 and 
‘‘Hints,” 13, ii.) 

Example 31 . — The same, {b) An intercalated month. 


Try the year K.Y. 3869 expired, A.D. 768-69, as in 

Example 28. The 

process 

is similar 


a. 

b. 

c. 

Chait. ^uk. ist, at sunrise (Day 54), {Table I.) 
Interval to Mgsha samk. (Day 80), 26 d. 16 h. 30 m. 
+ {Table XVII.) 3om. = 26d. 17 h.— 

. 9967 

961 

206 

26 d. {Table IV.) . . . 

. . . 8804 

944 

71 

17 h. {Tabu V.) . . . 

240 

26 

2 

Interval to Vrishabha samk. {TabU XVIII.B, col. 5) 

. . . 475 

123 

85 

At Vrishabha samkranti 

• 

Equation b ... . 
Equation c ... . 

. . . 9486 

, . . 187 

. . . 15 

t — 9688 

54 

364 


a. 

b. 

c. 

Again : Vrish. samkranti 

. . . 9486 

54 

384 

Interval to Mithuna samk. {Table XVIII, B, col. 8) 

. . . 641 

140 

86 

At Mithuna samkranti 

Equation b ... . 
Equation c ... . 

. . . 127 

. . . 271 

. . . 41 

t 439 

194 

450 


Since at the Vrishabha samkranti the moon was waning {t — 9688) and at the Mithuna samkranti it was 
w aving _ 439), the lunar month JySshtha {Table XV I II. B, col. i) was intercalated.* 

’ The figure* napeolively lor t in the Indian Calendar (Table I., col*. 0, 11, p. XXX.) Me lor the Surya SiddhAnta and 
are 0691 and 4M. The calcolation wa* made by a different method, and 1 prefer the present system as likely to bo even more 
accurate than the other. 
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Example 32. — The same, (c) A suppressed motUh. 


Work for the year given in Example 29, viz., K.Y. 3871 expired. 

A.D. 

770-71. 



a. 

b. 

c. 

Cbait. £uk. i., Day 62 {Table I.) 

2I6 

781 

230 

Interval to Mesha sarhk. by Surya Siddh,, i8 d. 4 h. 55 m. (as before) 




+ {Table XVII.) 30 m. = 18 d. 5 h. 25 m. — 




18 d. {Table IV.) 

6095 

653 

49 

5h. {Table V.) 

71 

8 

I 

25 m. {Table V) 

6 

I 

0 

At Mesha saihk. by Surya Siddh 

6388 

443 

0 

00 

Select (as before) the Kanya saink. (Table -YK///.B, coL 5). 




For the interval 

2994 

679 

428 

At Kanya samkranti 

9382 

122 

708 

Equation b 

237 



Equation c 

119 



i = 

9738 




a. 

b. 

c. 

Again : Kanya saiiik 

9382 

122 

708 

For the intcr\'al Kanya saiiik. to Tula samk. (Table XVIILB^ 




col. 8) . . . • 

308 

105 

84 

At Tula samkranti 

9690 

227 

792 

Equation b 

278 



Equation c 

119 


' 

i = 

87 



As at the Kanya samkranti (t — 9738) the moon was waning and at the Tula samkranti (/ 

= 87) she was 

waxing, there was no samkranti in the lunar month Asvina, and that month 

was repeated. 


\\'e proceed as before with the a, by c for the Tula samkranti, and for the interval to the next 

sanikranti, Vrikhika. 





a. 

b. 

c. 

Tula samkranti 

9690 

227 

792 

Interval to Vri^chika samk. 8) .... 

122 

85 

81 

Vrikhika sarhk 

9812 

312 

873 

Equation b 

269 



Equation c 

104 



t = 

185 



The lunar month Karttika was therefore a common one, since the moon was waxing at botli its beginning 

and end. 




Proceed again : — 

a. 

b. 

c. 

At Vrikhika samkranti 

9812 

312 

873 

Interval to Dhanus samk. {Table XVIII.B, col. 8) . . . . 

9986 

70 

81 

At Dhanus samkranti 

9798 

382 

954 

Equation b 

235 



Equation c 

78 



t 

III 




' e being elweye 279 et the Miihe eemkrinti, thet figure mey be lubetituted. 
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For similar reasons we iind MSrgaiIrsha to be a common month. 
Again 



a. 

b. 

c. 

At Dhanus samkranti ........... 

9798 

382 

954 

Interval to Makara samk 

9928 

64 

8x 

At Makara samkranti 

. 9726 

446 

35 

Equation b 

187 



Equation c 

47 




i == 9960 

The lunar month Pausha is thus proved to have been suppressed ; since the moon was waxing at the first 
saihkrSnti (/ = in) and waning at the second {t = 9960), so that there were two sarhkrantis in Pausha. 

[Continuation of work by the Siirya SiddMnta for this year shows an intercalated Chaitra of the 
following year, with, at the Mina saihkrSnti t = 9860, and at the Mesha samkranti t = 84. The figures 
differ slightly from those entered in Table I., cols. 9, 11, which were calculated by Prof. Jacobi’s Ind. 
.ini., Vol. XVII., Tables ; but the result is the same.] 

Example 33. — I'o convert the result arrived at for a true intercalated or suppressed month according 
to the Surya Siddhdnta into the same according to the Arya Siddhdnta. 

All the entries for both true and mean intercalated months in Table 1 . of the Indian Calendar 
aie stated according to calculation made by the Siirya Siddhdnta, and begin with A.D. 300 ; but from 
about A.D. 500 to at least noo we require, for cpigraphical pur|)oses, the details as calculated by the 
Arya Siddhdnta for all India, while we also require the latter for South India during the whole period to 
A.D. 1900. For the years previous to about A.D. 500 there can bo no certainty a.s to the authority 
by which calculations were made, nor, probably, in many places for a century or two subsequent to 
A.D. 500, So that it is important to be able easily to convert a result calculated by the Siirya into a 
result according to the Arya Siddhdnta. 

Rule. To a result calculated by the Siirya Siddhdnta (as in cols. 8 to 12, Tabic 1 ., Ind. Cal.) 
apply Correction I. {see above, § 46) by use of Table XVII. with sign reversed, or by the Table on 
p. 55 of the Indian Calendar ; and Correction II. {above, § 55) by use of Table XVUI.C, col. 3, a, with 
sign reversed. 

[N.B. — Note the remarks regarding the conversion of results for true montlis in the margin of 
Table XVIII.C, and in the text above, §§ 107-110, where it is shown that a result so converted is 
only correct within certain limits.] 

Take the year K.Y. 3668 expired, A.D. 567-68. Table I., according to the Surya Siddhdnta, shows 
{cols. 9, iz) the t of intercalated Sr&vana to be at the first samkrSnti 9648 and at the second samkranti 455. 
We wish to know what these figures would be if calculation had been made by the Arya Siddhdnta. 

The two samkr£ntis are respectively Karka and Simha {Table XVIII.C against “ Srdvana ” 
in col. 1). We apply the two corrections as directed. Correction I. {Table XVII.) is, for each samkrlnti 
{a =) — 2. Correction II. {Table XVIII.C) is, for Karka {a =) — 22, and for Simha {a =) — 25. 
This gives us, for Karka (9648 — 2 — 22) 9624, and for Simha (455 — 2 — 25) 428. These are the 
results according to Arya Siddhdnta calculation. 

I have shown the reasons why we may expect a possible maximum variation of 6 in the case of 
these two samkrantis. Actual calculation by the Arya Siddhdnta yields results, for Karka 9620, and for 
Simha 426. 
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Example same. Case of a suppressed month. Results by the two Siddhd^Uas differ from 

one another. 

In K.Y. 4576 expired, A.D. 1475 76, Magha was suppressed according to the Surya Siddhdnia 
(Table coh. 8, 9, 11) ; the t for the first of its connected sarhkrantis, Makara (liable XVIII. col, 2) 
being 16, and for the second, Kumbha, 9990. These figures being ratlier close to the new-moon points 0 
and 10,000, wc ^^'isll to know what the result would be if calculation were made by the Ary a Siddhdnta : — 

samk. t. 2nd samk, t. 


Tor Magha. Surya Siddhdnia (Table I.) 16^ 9990 

Corr. I. for A.D. 1476 (Table XVII.) — 25 — 25 

Corr. II. for Makara and Kumbha (Table X VIII.C, col, za) . +6 +9 

For Magha by Ar. Stddh 9997 9974 


Thus by the Arya Siddhdnta, which was in use in Soutli India at the given date, Magha was a 
common month ; and actual calculation proxes that the suppressed month by that Siddhiinta was tlic 
previous month Pauslia, xvith, for the first samkranti (Dhanus) t = 8j, and for the second (Makara) the 
same figure that we have obtained, viz. (t =) 9997. 

Example 35.- To convert the result arrived at for a true intercalated or suppressed month according 
to the Arya Siddhdnta into the same according to the Siirya Siddhdnia, 

The j)rocess is precisely the same, only the figures for Corr. I. (Table XV 11.) and for Corr. II. 
(Table XVIII, C) aic applied as they stand. There is no need to illustrate this. The case is the exact 
converse of the last two examples. 

Intercalations of mean lunar months. 

Use of Tables XIX,Ay XIX.B 

Example 36. — To find whether a mean lunar month was common or intercalated (adhika) according 
to the Arya Siddhdnta. («') A common year. 

The method is similar to that used in the true method (see Example 27) but simpler, inasmuch 
as we work only by \’alues of a, i.e., the distance of the moon from the sun in mean longitude, which 
values yield at once a final correct result. 

Rule, We take first the a of mean sunrise on Chaitra Sukla ist (Table /., col. 23), and add to it 
the values of a for the days, hours, and minutes elapsed between that date and the true moment of Mesha 
samkranti according to the Arya Siddhdnta (Table /., cols. 15, 17, and Tables IV,, V.), thus obtaining 
the a for true Mesha samkranti. Convert this to mean Mesha samkranti by adding (a —) 727, the value 
of the iodhya interval according to the Arya Siddhdnta (above § 58). Add to the result the 
constant (a =) 201 (ibid.). This gives the actual a, which is now equal to t and is exact for the moment 
of mean Mesha samkranti. Note in Table XIX.A (cols, i and 2) the two samkrantis connected with 
the given or desired lunar month, and add to the total a obtained as abox’e the a for the interval from 
Mesha samkranti to the first of those two saihkrantis (Table XIX.A, col. 5). Add to the last total the 
a for the interval between that samkranti and the next following samkranti (Table XIX.A, col. 6) ; 
and you have the a or t for both the samkrantis connected with the lunar month under consideration. 
The result will show vx'hether the lunar month was common or adhika, since the rules for mean are the 
same as for true intercalations in that respect. Note that there can be no intercalation in a year 
where the a of mean Mesha samkranti (after addition, that is, of the Sddhya 727 and the constant 201 to 
the a already obtained) is less than 6311 ; also that there can be no suppression of a mean month. (Ind. 
Cal., § 47, p, 28. Hints,*' No. 14.) 

^ In such % CMC we teke 16 m » 10,016. 
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Consider the year K.Y. 4019 expired, A.D. 918-19. {TaSle I., pp. xl., xli.) 

a. 

At mean sunrise, Chait. Suk. i (Table coL 23) == Day 75 (coL 19) 44 

Interval to true MSsha samkranti, Day 81 (col. 13) — 75 (col. 19) = 6 d. + ii h. 45 m. (col. 17)— 


6 d. (Table IV.) 2032 

II h. (Table V.) 155 

45 m. (Table V.) ii 

Arya Siddhdnta S6dhya 727 

Constant 201 

At mean Mesha samkranti (a ^ t =) ^170 


Since the a (or i) of mean MSsha samkranti was less than 6311 we know that no intercalation of a month 
was possible in that year. 

Example 37. — The same, (ft) A mean intercalated (adhika) month. Work for the year K.Y. 4020 
expired (A.D, 919-20), the year next to the one in Example 36 : — 

a. 

At mean sunrise, Chait. 4 uk. i (Table col. 23) — Day 64 (col. 19) 9920 

Interval to true Mesha samkranti, 81 (col. 13) — 64 (col. 19) =: 17 d. + 17 h. 57 m. (col. 17)— 


17 d. (Table IV.) 5757 

17 h. (Table V.) ‘240 

57 m. (Table V.) 13 

Arya Siddhdnta Sodhya 727 

Constant 201 

At mean Mesha samkranti (« ~) 6858 

We expect this year an intercalation late in the year, (a ~) 6311 being the outside 
limit ; and we select as most probable, Phalguna. 

Interval to mean Kumbha saihkr 5 nti (Table XIX. A, col. S) 3073 

At mean Kumbha samkranti (a — ) 9931 

Interval to mean Mina samkranti (Table XIX. A , col. 6) 30S 

At mean Mina samkranti (<*==) 239 


At the first, Kumbha, of the mean samkrantis concerned with mean lunar Phalguna, the moon was waning, 
a (or t) being 9931, and at the Mina samkranti (239) she was waxing ; so there was no samkranti in lunar 
Phalguna, and that month had to be intercalated. 

Example 38 . — To find whether a mean lunar month was common^ or intercalated (adhika) according 
to the Surya Siddhdnta. (a) A common year. 

First find the moment of M 5 sha samkranti according to the Surya Siddhdnta. This is given in the 
Indian Calendar^ Table I., for years subsequent to A.D. 1100. For earlier years apply (§ 46), Correction I. 
(Table XVII. as it stands) to the time given in Table I. for computation by the Arya Siddhdnta, or use 
the Table on p. 55 of the Indian Calendar. Then take the value of a for Chaitra Sukla ist, at mean sunrise, 
given in Table I., col. 23. Add to it the values of a for the interval of days, hours and minutes to the 
MSsha samkranti found. Add the SOdhya according to the Surya Siddhdnta, viz., 734 (above, § 58), 
as well as the constant 201 (ibid). This gives the correct a (or /) for the moment of mean Mgsha 
samkrfinti. Add the a for the interv^al from the Mesha samkranti to the first of the two samkrantis 
concerned (Table XIX.B, col. 5), and then the a for the interval to the second of these (ibid., col. 6). 
The two results show the a (or t) of the moon at each of these samkrantis. The rule governing intercala- 
tions of mean months is the same as those of true months. (See Examples 28, 29, 30.) 
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Take the year K.Y. 4019 expired, A.D. 918-19 {Table /., pp. xl., xli.). The moment of true 
MSsha samkranti is given {cols. 13-17) according to the Arya Siddhanta only, viz., March 22 nd (81) at 
II h. 45m. Convert this to Siirya Siddhanta computation by adding 46 minutes {Table XVII,). Then, 
by the SUrya Siddhanta, Mesha samkrSnti took place on March 22nd (81) at 12 h. 31 m. after mean sun- 
rise. Chaitra £ukla ist was {Table /., col. 19) on March i6th (75), when at mean sunrise a was 44 
{col. 23). 


At mean sunrise, Chaitra 4 ukla ist = Day 73 

Interval to true M^sha saihkrSnti, (81 — 75) 6 d. 12 h. 31 m.— 

6 d. {Table IV.) 

12 h. {Table V.) 

31 m. {Table V.) 

At {SGrya Siddhdnta) Sodhya 

Constant 

At {Siirya Siddhanta) mean Mesha saihkrSnti 

Since this is below 6311, we know that no intercalation was possible in that year. 


a. 

■ • 44 

2032 

169 

• • 7 

• • 734 

. . 201 

. . 31^ 

(“ Hints ” No. 14.) 


Ex.smpi.e 39. — The same, {b) An intercalated {adhika) month. 

Work for the year K.Y. 4020 expired, A.D. 919-20. True Mesha samkranti by the Ar^'a Siddhanta 
(Table I.) was March 22nd (81), 17 h. 57 m. Coirection J. (§ 46) -- + 46 m. Tnie Mesha saihkranti by 
the Siirya Siddhanta March 22nd (81), 18 h. 43 m. 


At mean sunrise, Chaitra Sukla i. {Table /., col. 23) — Day 64 {col. 19) . . 9920 

Interval to true Mesha samkranti, 81 d. {col. 13) — 64 d. {col. 19) = 17 d. + 


18 h. 43 m. — 

17 d. {Table IV.) 5757 

18 h. {Tabu V.) 254 

43 m. {Table V.) 10 

Siirya Siddhanta sOdhya (§58) 734 

Constant (§37) 201 

At mean M^sha samkranti by Siirya Siddhanta {a —) 6876 

(As in Example 37, we select lunar Ph 9 lguna as the probably intercalated month.) 

Interval to mean Kumbha samkranti {Table XIX.B, col. 3) 3074 

At mean Kumbha samkrSnti (a =) 9950 

Interval to mean Mina samkr 3 nti {Table XIX.B, col. 6) 307 

At mean Mina samkranti (« =) 257 


Comparing these results, 9950 and 237, with the entries in Table I., p. xli. for the year {cols. 9® a,nd ii«), 
which were obtained by a different process, we see that the only difference is one unit in the second figure, 
which stands at 238 in Table I. This sufficiently proves the accuracy of both methods. Mean Phalguna 
was intercalated (adhika) that year. 


Example 39A. — To convert the result arrived at for a mean intercalated month by the Siirya Siddhanta 
into the same according to the Arya Siddhanta. 

(See note at beginning of introduction to Example 33.) Mean intercalated months by the Siirya 
Siddhanta are given from A.D. 300 to 1100 in cols. 8<i to i2rt of Table I. of the Indian Calendar. 

Rule. Apply Corrections I. (§ 46, TabU XVII. with sign reversed) and III., which (above § 57), in 
terms of a, is — 8. - 
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Thus, we find in the Indian Calendar (Table /., cols. 9«, iia) during the year K.Y. 4020 expired 
=s= A.D. 919-20, a mean intercalated PhMguna by the Surya Siddhdnta with, for its two sarhkrantis, 
(a=) 9950 and 258, Correction I. (§46, Table XVII,) is (a =) — ii for this year. Correction III. (§57) 
is — 8. 

9950 — II — 8 = 9931- 258 — II — 8 = 239, and these are the figures as we found them by 
actual work in Example 37. 

Example 39B. — To convert the result arrived at for a mean intercalation by the Ary a Siddhdnta into 
a result by the Surya Siddhdnta. 

This is the same but reversed. 

Rule. Apply Correction 1 . (§ 46, Table XVII . as it stands), and Correction III. (§ 57) =st + 8. 

The Arya Siddhdnta result for K.Y, 4020 expired, A.D. 919-20, being a mean intercalated 
Phalguna with its two samkrantis at a — 9931 and 239, we apply Correction I. for the year or (a =) 
+ II, and Correction III. = + 8. 9931 + u + 8 == 9950, and 239 + n + 8 =* 258, the figures 

given for the Surya Siddhdnta in the Indian Calendar. (Table cols, ga, iia.) 

Example 40. — Calculation according to the Arya Siddhdnta by mean lunar months in a year 
following a year when, though there ivas no intercalation of a month by the “ true system, there was one 
by the mean system. 

For explanation, see above §§ 67-69, and Table XXIV. 

Rule. Find the moment of true MSsha samkranti in the given year by Table 1 ., or by Example 3 
above. Add the ^odhya interval, viz., 2 d. 3 h. 33J m. This gives the moment of mean Mesha 
samkranti, from which all mean computation for the year must begin. Table XXI^^ gives (cols. 19 
and 23) the day and the a at sunrise on that day, which is the first civil day of the luni-solar year, or 
C'haitra ^ukla i.st, for mean computation, lund the difference between sunrise on that day and the 
moment of mean MC*sha samkranti as found. From Tables J\\ and V. take the a for the interval and 
add it to the a of ('haitra ^ukla ist at sunrise. Add the constant 201 (§ 57). This gives the a, which then =n 
the / or tithi-index of mean Mesha samkranti. Table XTX.A gives the a of the interval between 
this point and each mean samkranti (col, 5), as well as the a of the interval between each samkranti 
and the next. This enables all work to be done for mean intercalations. For finding the moments 
of mean new-moons and mean tithis Table XXL gives all particulars. 

Work for the year K.Y. 4022 current, A.D. 920-21. Table I. shows (p. xli.) that true Mesha 
sarhkranti took place on March 22nd at 0 h. 10 m. Lanka time. Take the Arya Siddhdnta sddhya as 
2 d. 3 h. 32 m. Adding this to the former, we have mean Me.sha sarhkranti on March 24th at 3 h. 42 in. 
Table XXI\'. shows that the a of Chaitra sukla ist, at mean sunrise on March 23rd was 9955. Add 


the a for i d. 3 h. 42 m. Thus — ^ 

At mean sunrise, Chait. suk. i 9955 

Interval, i d. (Table IV.) 339 

3 h. (Table V.) 42 

42 m. (Table V.) 10 

Constant (§57) 201 

At mean Mesha samkranti 547 


There can be no mean intercalation this year, nor was one expected, since one had taken place the previous 
year. But we may want to know the or / of mean M 5 sha samkranti in order to test a day and tithi 
by the mean system ; since from that point we obtain the ^ or / of every subsequent samkranti in tlie 
year by use of Table XIX.A, and consequently of every solar day. Suppose, for example, we are 
concerned with Sukla 8 of mean lunar Bhadrapada in this year. Bhadrapada ended after the KanyS 
samkranti. For this last (Table XIX.A, col. 5) we have (mean MSsha samkranti) 547 + (interval 
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to Kanya) 1536= 2083. This was (Table VIII., col. 3) Sukla 7, since a = / in mean calculations. 
Therefore iukla 8 was in mean solar KanyS.' The actual time of the Kanyi samkrSnti can be found as in 
Example 15, as also the week-day. 

Example 41. — The same by the Surya Siddh&nta. 

Rule. The process is precisely the same. When the time, by the Surya SiddhSnta, of true Mesha 
samkranti is given in the Ind. Cal., as it is in cols. 13, 14, 15«, I7fl, from A.D. 1100, it is converted into 
the time of mean Mesha samkrSnti by the addition of the Surya Siddhanta value for the §5dhya, viz., 
2 d. 10 gh. 14 p., or 2 d. 4 h. 6 m. \^en the time of true Mesha samkrSnti is not so given, as in the 
years from A.D. 300 to 1100, the time by the Arya Siddh&nta must be converted into the time according 
to the Siirya Siddhanta by Table XVII. or Example 3, and then the § 5 dhya must be added. This gives 
the moment of mean M§sha samkrSnti by the Surya Siddhanta. If the Sodhya is to be added, not in 
time but in the value of a, the latter is 734. 

I take the same year, K.Y. 4022 current, A.D. 920-921, as in the last example. 

True Mesha samkrSnti by the Arya Siddhanta occurred (Table I.) at 0 h. 10 m. after mean .sunrise 
on Wednesday, March 22nd. Add 46 m. (Table XVII.). True Mesha samk. by Surya Siddh. 
— oh. 56 m. on the same day. Add SSdhya 2d. 4 h. 6m. Mean M&ha samk. by Surya Siddh., 
Friday, March 24th, at 5 h. 2 m. Table XXIV. shows that the a of Chaitra Sukla ist, corresponding 
to mean sunrise of March 23rd, was 9955. The interval between the two was i d. 5 h. 2 m. Add 
the values of a for this, and the constant, 201. This gives the a (or t) for mean Mesha samkrSnti. The 
a (or t) of any date in the year can be got from this by use of Table XIX.B, and Table VIII. 


a. 

.\t mean sunrise, Chait. Suk. i ij'ahle X-Y/F.) 9955 

Interval, 1 d. (TaWe IV.) 339 

5 h. (Table V.) 71 

2 m. (Table V.) 0 

Constant (§57) 201 

At mean M^ha samkrSnti 566 

There can be no mean intercalation this year. 


SupptJse we desire to ascertain the tithi current at mean sunrise on the 14th day of the mean 
solar month Tula (Karttika) in that year by the Surya Siddh&nta, and the European day corresponding. 


a. 

At mean Mesha samkranti 566 

Interval to mean Tula samkranti (Table XIX.B) 1844 

At mean TulS samkrSnti 2410 


Now, the mean Mesha samk. was on Friday, March 24th (84)®, at 5 h. 2 m. Interval in time to 
mean TulS samk. (Table XIX.B, col. 4) 182 d. 15 h. 6 m. Therefore, the mean TulS samk. 
took place on September 22nd (266) at 20 h. 8 m. The week-day was (6 -)- 0)* Friday. See " Days 
of a civil month ” (jj 43, above.) By both the South-Indian rules (iii., iv.) the first civil day of Tula began 
on Saturday, September 23rd. By the Orissa (ii.) rule it began on Friday, September 22nd. By the 
Bengal (i.) rule it began on Sunday, September 24th. It began at sunrise by all rules. I take the 
date as a South-Indian one, mean 1st TulS beginning at sunrise on Saturday, September 23rd. Add 14 

' Probably. But the first civil day of solar Kanya may possibly have been as late as the 9th fukla. See " Dap* of a 
civil motUh ” ({ 43, abo-e). The civil beginning of the solar month must alws 3 's he established by local rule. 

* Table IX., A.D. 930 was a leap-year. 

‘ Mean MSsha samk- was on 0, Friday, The week-da^’ for the 182 days’ interval is -f 0. (See the figure in brackets 
against 182 in Table XIX.B, or Table IV.) 
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(given) days. The given day was Saturday, October 7th. The mean Tula samk. having been found to 
have taken place on September 22nd at 20 h. 8 m., the interval between it and mean sunrise (6 a.m.) 
oniOctober 7th is 15 d. 3 h. 52 m. 


At mean Tula samk. (above) 
Interval, 15 d. {Table IV,) 

3 h. {Table V,) 

52 m. {Table V,) 


a, 

2410 

5079 

42 

12 

7 M 3 


a, or t (by Table VIII.), being 7543 at mean sunrise, we find that by the mean system of computation, 
the 8th krishna was the then current tithi. The day was Saturday, October 7th — 14th Tula, or solar 
Karttika. 


Exampi.e 42. — Another way of calculating the same, I have shown in the last example how any 
date can be calculated when once the moment of mean Mesha samkranti in time and in terms of a has 
been found. The object is to get the a of mean Mesha samkranti and then work from it. We got this 
in the last two examples by the use of Table XXIV. But there is also another method to which recourse 
may be had. We are working by the system of mean intercalations, which depend on the moments of 
mean new-moons with reference to the moments of mean samkrantis. Now, it is easy to see that, when 
there has been an intercalation of a mean lunar month in the year previous to the one under consideration, 
we can work by the a of Chaitra Sukla ist as given in Table I. if we remember to add a lunar month 
and work for a month next succeeding the given month instead of working for the given month. Instead 
of working by the a of the new Table for mean lunar Chaitra we can work for the a of mean lunar 
Vai^Skha by Table I. since both mean the same month. 

Take, for instance, the year K.Y. 3412 current, and work as suggested. We want the a for the 
two samkrantis connected, let us say, with the first month Chaitra by the mean system ; and also the 
same for the third lunar month, Jyeshtha. Now, remembering that, there having been a mean intercalation 
of Magha in the previous year {see Table /.), the lunar months we are working for are the same as (VaiSakha 
having been intercalated by the true system) First Vaisakha (the second month of the true system) 
and Jyeshtha (the fourth month of the true system), we can work for these latter months by Table 1 ., 
and come to the same result. 


Nakshatras, Yogas, and Karan as. (§§ 112 ff.) 

Example 43. — To find the nakshaira of the moon at a given moment. 

Rule. First find the a, b, c, and t at sunrise on the given day, or at the given moment of the day, 
by the examples given above, Nos, 20 to 22. Multiply the found value of c by 10 (this is necessary 
because the value of c is expressed in thousandths while the value of / is expressed in ten-thousandths 
of the lunation) ; add 7207;^ deduct from the total the amount of equation c {Table VL). This gives 
the s, or the index of the apparent sun ; s + / gives the index of the nakshatra for use with Table VIII. 
{See § 119.) 

An inscription in South India of a year corresponding to K.Y. 433 ® expired, A.D. i 229 - 3 ®> bears 
the following date — On the day of Rohinl, which was a Sunday and the third tithi of the second fortnight 
{krishna paksha) in the solar month TulS.* We have to find whether the nakshatra ROhinT was current, 

' The reason for this is fully explained In f 188, pp. 64, 66 of the Indian Calendar, 

* An inscription of the Chola King BAjarftJa III (Epig, Ind, X., p, 134 f No, 182). 
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I14 

whctLor .V moon in Rolnnl, rtnring the pven tlthi. Work by th. Afy. SUikM. ptd by th 

' *™' ThTnlme of the Inner month not being given, rve must first find rjrhnt tithi WB cnmnt (of am 
lunar month) at mean annriae on the first citnl day of the solar -ly-tb Tn B. 

Note that bv Table I., cols. iq. 23, 24, 25. on Februarj' 26th (57) at nt^ simnse the a, b, c wer 
resoectivelv 166 m and 205. Now to find the interval from Mesha samkranti to Tutt samkranti 
Table Xt’lII A gives us this viz., 18O d. 21 h. 25 m., and MSsha samkrtoti having occurred (Tabk I. 
coh 13 17) on Dav at 22 h. 32 m., we have it that the Tula samkranti occurred on Day 270, o 
{Table IX.) September 27th. at 19 h. 37 m. By all South-Indian rules, therefore (above § 43. Hi., iv.) 
the hrst civil day of TiilS began at sunrise on Day 271, or September 28th, This pves m interval 0 
fjjrj-jy) 214 days exactlyfrom sunrise on Chaitra sukla ist to sunrise on September 28th. or the is 

Tula 

Chaitra ink. ist {Table /.), mean sunrise 
214 days (r«6 /< .... 

At mean sunrise on ist Tula . 

Equation h 
Equation c 

^Ve add the a. h. c for the interval of q days from sukla 9 to kn 
i.st 7 ula : — 

ist Tula, as above .... 

9 days (7'aMe /F.) .... 

At mean sunrise on loth Tula 

Equation b 
Equation c 


a. 

b. 

c. 

166 

883 

205 

2467 

766 

586 

2633 

649 

791 

27 






: 2779 = 

- (Table VIII.) iukla 

la 3 (the given 

clay) to the a, 

a. 

h. 

c. 

2633 

640 

ygx 

3048 

_ 3 ? 7 _ 

25 

5681 

976 

"sie 
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5917 = 

(Table VIII.) krish, 3, 


At sunrise on the loth Tula, then, or October 7th, which was a Sunday, the given tithi was current, with 


c =: 816, equation c 116, and tithi-index 5917. 

Work for the nakshatra by the above rule. 

c X 10 8160 

Add constant + 7207 

5367 

Deduct equation (c) — ii6 

Apparent sun, or s 5251 

Add i of mean sunrise (as found) ••...+ 59^7 
Apparent moon, or nakshatra-index, w = ... 1168 


By Table VIII., col. 8, wc sec that with index 1168 the nakshatra RohinI was current, or in other terms 
the moon was in RohinI, at mean sunrise. All the elements of the date are therefore correct as giverr. 


Example 44 . — The same. To find the beginning and ending times of the nakshatra. 

Rule. Having ascertained the nakshatra-index, or n, as in the last example, Table VIII. gives 
the name of the current nakshatra, and its beginning and ending points by the three systems. The 
difference in mean time is obtained from Table X. 
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Take the case examined in the last example. It was there shown that at sunrise on the loth TulS. 
Sunday, October 7th, A.D. 1229, the nakshatra RdhinI was current, with n = 1168. 

By the equal-space s3rstem, RfihinT began {Table VIII., col. 8) with n = nil. 1168 — iiii = 57 ; 
and 57 {Tabu X., " nakshatra-index ”) = 3 h. 44 m. It ended with « = 1481. 1481 — 1168 =-■ 313, 
and 313 {Tabu Jf.) is (19 h. 40 m. -f 51 m. =) 20 h. 31 m. By this system, therefore, it began, i.e., the 
moon entered it, at 3 h. 44 m. before, and ended, i.e., the moon left it, at 20 h. 31 m. after mean sunrise 
on October 7th. 

By the system of Garga we have for its beginning 1168 — 926 = 242 = {Table X.) 13 h. 7 m. 
-f- 2 h. 45 m. = 15 h. 52 m. before, and for its ending 1481 — 1168, or 20 h. 31 m. after, mean sunrise, 
the latter being the same as its ending-point according to the equal-space system. 

By the Brahma Siddhanta it began 1168 — 915 — 253 = {TabU X.) 13 h. 7 m. -f- 3 h. 29 m. — 16 h. 
36 m. before, and for its ending 1464 — 1168 = 296 = {TahU X.) 13 h. 7 m. -f 6 h. 18 m. — 19 h. 25 ni. 
after, mean sunrise. 

Example 45. — The same as Example 43. An inscription from Northern India, {Ind, Ant. IX., 
p. 183-84, XVII., p. 247, No. 3 ; Epig. Ind. V., App. 77, No. 562.) Newar era, saihvat 533 expired, 13th 
£ukla tithi (bright half) of Magha, Sunday, the nakshatra Punars'asu. I give the full working, as this 
may prove helpful. 

Years of the Newar era begin with the lunar month Karttika, and the epoch of the era or NSwar 
era 0 = A.D. 878-9. M§gha in Newar 533 expired is therefore (879 + 533), Magha in .\.D. 1412-13 
current, or in K.Y. 4514 current {Table II., Part III.), ^^'e work, therefore, from the Mesha samkranti 
moment of K.Y. 4514 current(r«Wtf I.) by the Sitrya Siddhdnta, which was in use in the north, and by the 
system of true months, ^^'e work also from mean sunrise on Chaitra ^ukla ist as given for that year in 
Table I. The interval between Chaitra ^ukla ist sunri.se and sunrise on Magha fiukla 13 is {Table III., 
col. 3«) 295 days to end of Pausha and beginning of Magha + 13 tithis, or approximately 13 days. Total, 


300 aays. 

d. 

u \ 

a. 

b. 

c. 

Chaitra Suk. ist, mean sunrise {Table I.) 

. 13 March (73) 

1 

9742 

T 93 

243 

Interval of 308 days {Table IV.) 

(308) 

0 

_4299 

178 

843 


(381) 

I 

4041“ 

*”371 

86 


Equation h . . 241 

Equation c . . 29 

t = 4311 

Day 381= {Table IX., A.D. 1412 being a leap-year) January 15th, A.D. 1413, which was a (i) Sunday. 
/= 4311 proves {Table VIII.) that at mean sunrise on this day the 13th 4 ukla tithi was current. As 
the day was a Sunday, we find the inscription date so far correct. The tithi ended at 4333 {Ta.ble VIII., 
col. 3) and 4333 — 4311 — 22 = {Table X.) 1 h. 34 m. ; we therefore find that the 13th tithi ended 
1 h. 34 m. after mean sunrise. Kielhoiu gave the hour of its ending as i h. 25 m., working by a different 
system. {Ind. Ant. XVII., 247.) 

The work for the nakshatra is as follows : — 

c X 10 860 

i- Constant 7^07 

8067 

— Equation — 29 

s == 8038 

+ i 4311 

n = 2349 


10 A 
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3498 — 3473 — 25. 25 Khai'a was current at M. S. of K.Y. 3498. 

3499 — 3473 = 26. But 26 Nandana was expunged. Therefore, 27 Vijaya was current at M. S. 
of K.Y, 3499. 

3500 — 3473 = 27. But as 26 Nandana was expunged, 28 Jaya was current at M. S. of K.Y. 
3500 expired. 

Hence, 25 Khara began in K.Y. 3497 expired. 26 Nandana and 27 Vijaya both began in K.Y. 
3498 expired. And 28 Jaya began in K.Y. 3499 expired. 

Example 50. — To find the time of beginning and ending of a Jovian samvatsara according to the 
Surya Siddhdnta without the blja. 

Find from Table XXVll. the beginning-time in days and decimals of the first samvatsara, 
Prabhava, of the current cycle, of the Prabha\*a which, in col. 2 of that Table, begins in the yeai' next 
previous to the given year. Note the inteiwalof years between that Prabhava-year and the given year, 
and add i to the number. I'ollowing the working rule given in § 137, determine which samvatsara 
began in the given year. Deduct its number of days and decimals in col. 3 of Table XXVII.A from 
the number of days in col. 3 of Table XXVII. (or from the number of days so given + 365.2588) of the 
first samvatsara, Prabhava, of the cycle. The remainder shows the number of days intervening between 
apparent M6sha samkranti of the solar year previous to the given year and the beginning-moment of 
the samvatsara in question. Find from Table I. the moment of that Mesha samkranti. Add to it the 
remainder last found, expressed in days, hours and minutes by help of Table XXXVI. The result shows 
the day, hour and minute of the beginning of the required samvatsara. For its end, add 361.02672 days, 
or 361 d. 0 h. 38 m. 29 s., to the time of beginning. 

^^'anted, the time of beginning and ending of the samvatsara, KrSdhana, stated in Table I. as 
being expunged in the year corresponding to K.Y. 3412 expired (A.D. 311-12), 

This is the example worked out by the full and complicated Surya Siddhdnta method in § 59A, 
p. 34, of the Indian Calendar. It showed that the cyclic year 59 Kr6dhana began on the 20th March, 
A.D. 311, at 59 gh. 25.2 p.,or 23 h. 46 m. 5 s. after mean sunrise, and therefore that the samvatsara current 
at apparent M§sha samkrinti in that year (which corresponds to K.Y. 3412 expired), or on March 17th, 
w as the previous samvatsara, 58 RaktSksha. I proceed to calculate the beginning of Krodhana in that 
year by my present Tables. 3412 — 3354 (the year of No. i Prabhav^a of the cycle) + i “ 59* Therefore, 
59 KrSdhana {see rule) began in K.Y. 3412 expired. 

d. 

(Table XXVII.) Prabhava of K.Y. 3354 248.99263^ 

(Table XXVII.A) Krodhana — 245.45806 

”3.53457 

3-53457 = (Table XXXVL) 3 d. 12 h. 49 m. 47 s.. Krodhana began at this distance of time after apparent 
Mesha samkranti of K.Y. 3412, which occurred according to the Arya Siddhdnta on March 17th, A.D. 311, 
at II h, 17 m. after mean sunrise (Table /., cols. 13, 17). To obtain this latter moment according to the 
Surya Siddhdnta we have to deduct (Table XVII.) 20 m. ; but as in this example I wish to be as 
accurate as possible, I calculate the difference by the Table on p.55 of the Indian Calendar^ which gives it as 
20.1 m., or 20 m. 6 s. Apparent M&ha samkr^ti, therefore, by the Surya Siddhdnta occurred on March 
17th at 10 h. 56 m. 54 s. Therefore, Krodhana began on March 20th at (12 h. 49 m. 47 s.+io h. 56 m. 
54 s.), 23 h. 46 m. 41 s. after mean stmrise. 

The result, therefore, by my Tables differs by only 36 s.® from the result obtained by the full 
Hindfi method as enjoined by the Surya Siddhdnta. If, however, we add to the moment of true MSsha 


^ 1 have added the actual fifth decimal figure hero, though it does not appear in the Table. 
‘ Compare this with the result obtained in { 158. 
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samkranti according to the Arya Siddhdnta the thirty seconds requiretl for still more accurate calculation 
(see “ Hint " N 0. 20, p. 79) it will be found that the difference between the result obtained by the use 
of my Tables and the result obtained by the full Hindu method of working amounts to i m. 6 s. But, at 
any rate, I am justified in believing that my Tables are slightly more accurate than the two put forwaril 
originally by Mr. Sh. B. Dikshit, by which the result obtained would have been 23 h. 50 m. ii s. 

Krudhana ended ( 3-53457 + 361.02672) 364.56129 days after apparent Mesha samkrSnti, or before 
the apparent M€sha samkranti of the next year, which was 365.2588 days later than the former. It 
was therefore expunged. 

[M^'ith Dr. Schram’s fixture for the value of the ^odhya inter\'al {'I'cxt, ij 39D) the final result 
would be 2 m. 35 s. earlier than that obtained by my Tables. By him, therefore, Krodhana began on 
March 20th at 23 h. 44 m. 36 s. ; or i m. 29 s. earlier than the time obtained by use of the full working 
according to the SUiya Siddhdnta.] 

Exami’IE 51. — Another example, showing how to find the sign in which Jupiter, try his mean motion, 
stood on a particular day, as well as the time of beginning and ending of the current samvatsara. 

In the Indian Antiquary, Vol. XXV. (1896), p. 55, No. 13, Professor Kiclhorn analysed a Kollain 
Era date, which quotes Jupiter as having been, at a time corresponding to mean sunrise on NoN'cmber 
nth, A.D. 1581, in the mean sign Dhanus. 

1 work, as did the Professor, by the S«mi Siddhdnta without the bija. 

The date fell inK.Y.4682 expired (Table 1 .). The cycle began (TableXXVll.) with No. l Prabhava 
in K.Y. 4659. 4682 — 4659 — 23 + I =; 24 =s Vikrita. 24 Vikrita therefore began in K.Y. 4682. 


d. 


I Prabhava K.Y. 4659 (TabU XXVII.) . . 

* • 

• 

141.5872 

24 Vikrita (r«Wc YX 7 //. A) .... 

• • 

« 

• 

97.3368 




44.2504 


d. 

h. 

m. 5, 

44.2504 = (Table XXXVL) 

(44) 

6 

0 35 

Mesha samkranti K.Y. 4682, expired (Table /.) . 

(87) 

I 

_ 5 £ _ 3 » 

Beginning- time of Vikrita • . . • . 

(131) 

7 

52 5 

Add for ending- time 

(361) 

0 

38 29 

Ending-time 

(492) 

”8 

30 34 


131 = May nth, A.D. 1581 (Table IX.) 

492 == May 7th, A.D. 1582 (Table IX.) 

24 Vikrita therefore began on May nth, A.D. 1581, at 7 h. 52 m. 5 s., and ended on May 7th, 
A.D. 1852, at 8 h. 30 m, 34 s., after, in each case, mean sunrise. 

Hence, on the given date (n November, 1581) 24 Vikrita was current. Reference to the last column 
of Table XXXII. shows that during the currency of 24 Vikrita mean Jupiter stood in the sign Makara. 
He was therefore in Makara and not in Dhanus on the given day. This corresponds with the finding 
of Kielhom, who also fixes the beginning day of 24 Vikrita and the ending day of 23 Virodhin as May 
11th, A.D. 1581. 

[Nevertheless (and epigraphists must alwa}^ be prepared for such cases) this result does not suffice 
by itself, in my opinion, to prove the date irregular. At Mesha samkrSnti of K.Y. 4682 the current 
samvatsara was 23 VirOdhin, for we have proved that 24 Vikrita began in May, A.D. 1581, while the 
apparent MSsha samkrSnti of K.Y. 4682 took place in March, during the currency of Virodhin. Hence, 
it is probable that in most tracts the year K.Y. 4682 would have been coupled with VirSdhin in all its 
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length : and it is quite possible that, this being so, Jupiter in November might have been described in 
almanacs as standing in Dhanus, which corresponds with Virddhin, though he had actually passed 
out of it and into Malcara by that time. 

Testing the date by the SHrya- Siddhanla with the bija, and by the Arya Siddhdnia, I find in each 
case a similar result as regards the sign in which Jupiter stood on the given day.] 

Example 52. — A similar case. Rough calculation, but sufficient. 

Rule. To obtain an approximation, which is often sufficient, neglect all decimals in the pair of 
Tables used. Find the beginning of the saihvatsara in question. Add to it 361 days for its duration, 
and so find its end. Common sense will show if closer calculation is desirable. Thus — 

It is required to know what saihvatsara was current on August 26th, A.D. 1296, according to 
the system in force in Northern India, and by the Surya Siddhanla without the bIja. Tlie K.Y. year 
was 4397 expired. Table I., col. 7, sliows that 35 Flava was current at apparent M6sha samkranti. 
The cycle began with i Prabha\a K.Y. 4362. 4397 — 4362 = 35 + i = 36 ^ubhakrit. It began in 
K.Y. 4397, and therefore 35 Plava is correctly gi\’en as cm'rent at M6sha samkrinti of that year. From 
col. 3 of Tables XXVII. and XX VI I. A we obtain, for beginning of Plava, 315 (days for Prabhava) 
— 144 (days for Plava), or 171 clays after Mesha .samkranti of K.Y. 4396 expired, or after (JaS/e I., col. 13) 
March 26th, A.D. 1295. This is the 85th day. 171 + 85 256 = [Table IX.) September 13th, 

A.D. 1295. Add 361 days and we have 617, or September 9th, A.D. 1296. We know, therefore, that 
Plava lasted from September 13th, 1295, to September 9th, 1296, and that it was current on August 26th, 
1296. There is no need for closer calculation, or use of decimals. 

Example 53. — To find the time of beginning of a Jovian samvatsara according to the Siirya Siddhdnta 
with the bija. 

Rule. Work as in Example 50, but use Tables XXVIII. and XXVlll.A. 

(A.) W'anted, the time of beginning of 32 Vilamba, which, as shown by Table I., col. 7, was, by 
the correct northern system, current at apparent MCsha samkranti of K.Y. 4869 expired, A.D. 1768-9. 

The cycle began with i Prabhava in K.Y. 4837 expired. Vilamba began in K.Y. 4868. 


[Table XXVIII.) Prabhava, K.Y. 4837 . . . 

• • 

149.Z479 

[Tabu XXVlll.A) 32 Vilamba .... 


• 130.9473 

z8,2006 


d. 

h. m. 

t8.2006 days = (TaJ/e X^XK/-.) . - . . ■ . 

' . 18 

4 49 

MSsha samkranti K.Y. 4868 [Table I., cols. 13, lyA ) 

. zoo 

4 56 


TzF" 

9 45 


118 = [Table IX.) April 28th. Vilamba therefore began on Ajiril 28th, A.D. 1767, at 9 h. 45 m. 

Prof. Kielhorn, working by his own method, stated the result as on the same day at 9 h. 45.5 m. 
[Indian Antiquary, Vol. XVIII., 1889, p. 194.) 

(B.) Wanted, the time of beginning, by the same authority, of the samvatsara current at apparent 
MSsha samkranti of K.Y. 4397 expired, A.D. 1296. 

Here we first have to find the proper day-figure for a Prabhava at the beginning of a cycle 
earlier than any entered in Table XXVIll. This is a problem we are seldom called on to solve, but 
it is well to show how it can be treated if necessary. First find the number of cycles elapsed between 
the beginning of the 1 Prabhava of the cycle containing the given year and the i Prabhava of K.Y. 4540, 
viz., the first entered in Table XXVIII. It is easy to see that in this case three cycles elapsed. We 
have the figure in Table XXVIII. for i Prabhava, K.Y. 4540, viz., 320.6033 days, and remembering 
[see Text, § 151) that each i-Prabhava-figore advances on the last by izz.8124 days, we deduct this 
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amount multiplied by 3, or 335.4372 from the Table XXVIII. figure for K.Y. 4540, i.e., from 320.6033, 
adding to the latter the solar year-length, 365.2588, to enable us to do so. 

320.6033 
+ 365-2588 

685.8621 

— 335-4372 
350-424') 

This last is the Table XXVIII. figure for Prabhava of the third cycle before K.Y. 4540. This figure 
being so large, we know {Text, Hints, No. 19) that no expunction of a saih\ atsai a took place in that cycle, 
and that, therefore, there were expunctions in the next two cycles. By consequence, the first of those 
cycles occupied 60 solar years, and the other two 59 solar years each. Total interval from K.Y. 4540 
— (60 + 59 + 59) 178 solar years, 4540 - 178 — 4362. Therefore, the Prabliai a of the cycle con- 
taining the given samvatsara began in K.Y, 4362 expired. Interval 4397 (the given year) — 4362 — 35. 
Therefore, 35 Plava was the samvatsara cunent at apparent Mesha samkianti of K.Y. 43()7 exj)ired. 
It began in K.Y. 4396 expired. 

I Prabhava of K.Y. 4362, as obtained 35(>-424'J 

35 Plava {Tabic XX VI II. A) — 143-6196 

206.8053 
/t. »i. s. 


.8053 of a day {Table XXXVI.) = . . . 

Call this 19 h. 20 m. 

19 19 

37-92 


d. 

h, m. 

s. 

Mesha samk. of K.Y. 4396, expired {Table I.) . 

. . 85 

1 45 

30 


-|- 206 

19 19 

38 


291 

21 5 

8 


The Plava in question therefore began {Table IX.) o>i (291 =) October 18th, A.D. 1295, at 21 h. 5 m. 
after mean sunrise. 

Prof. Kielhorn {Ind. Ant., Vol. XVIll., 1889, p. 380) gave the result as 21 h. 4 m. 

Example 54. — 2 'he same. To find its end. 

Rule. Add to the beginning-time of the samvatsara as found by the last example 361.03465, or 
361 d. o h. 49 m. 54 s., or, shortly, 361 cl. 0 h. 50 m. ^ , 

Wanted, the end respectively of the ^'ilamba and Plava saihvatsaras whose beginnings were 
established as 118 d. 9 h. 45 m. and 291 d. 21 h. 24 m. in the years A.D. 1767-8 and A.D. 1295-6. 
{Example 53.) 


d. 

h. 

m. 

d. 

//, 

m. 

118 

9 

45 

291 

21 

5 

361 

0 

50 

361 

0 

50 

479 

10 

35 

652 

21 

55 


479 {Tabu IX.) ^ (A.D. 1768 being a leap-year) April 23rd, A.D. 1768, at 10 h. 35 m. after mean 
sunrise, on which day Vilamba ended. And, similarly, A.D. 1296 being a leap-year, 652 = October I3tb, 
A.D. 1296. On that day at 21 h. 55 m. after mean sunrise Plava ended. 
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Example 55. — To find the samvatsara current at any moment of any day by the Surya Siddhanta 
with the hlja, and the sign in which mean Jupiter stood at that moment. 

Rule, Find the time of ending of the samvatsara current at apparent MSsha saihkranti of the 
given year in the manner shown in Examples 53 and 54. This done, the samvatsara current at the given 
moment is at once known. The last column of Table XXXII. shows, opposite to the name of the current 
samvatsara, the name of the sign in which, by his mean motion, Jupiter stood at the given moment. 

This rule, when the proper Tables are u.sed, of course stands good for any of the Siddh&ntas. 

The method of finding Jupiter’s mean or apparent longitude at any moment of any day or any 
year is explained below. (Examples 61, 62.) 

Example 56. — To find the time of beginning of a Jovian samvatsara according to the Arya Siddhanta. 

Rule. Work as in Example 50, but use Tables XXIX. and XXIX.A instead of Tables XXVII. 
and XXVII.A. 

For a working example, see the text, § 158, above. 

Example 57. — The same. To find Us end. 

Rule. Add to the time found for its beginning 361.02268 days, the length of the samvatsara by 
iht First Arya, and, if the total exceeds 363.25868 days, deduct this latter amount, viz., the length of the 
solar year, from it. 361.02268 d. = 361 d. o h. 32 m. 40 s. 365.25868 d. = 365 d. 6 h. 12 m. 30 s. 

The beginning of 56 Dundubhi in A.D. 308 was found {§ 158) to be March 19th at 5 h. 27 m. 
March 19th is, in days (Table IX,), 79. 

d. h. m, 

79 5 27 

+ 361 0 33 

440 6 0 

-- 365 6 12 

74 23 48 

74 (Table IX.) =, in A.D. 309, March 15th, On this day at 23 h. 48 m. after mean sunrise Dundubhi ended. 

Example 58.— To find the samvatsara current according to the Arya Siddhanta on any day. 

This will be settled after finding the beginning and ending of the current samvatsara by Examples 

56, 57 - 

Example 59. — To find the beginning and ending times of a Jovian samvatsara according to the 
Original Surya Siddhanta. 

The process is described in the text, §§ 159 to 162 above, especially in the example at the end of 
j; 162. Tables XXX. and XXX.A are to be used. 

In § 158 of the text, we found, working according to the Arya Siddhdnta (Aryabhatlya), that, 
if that authority had been used as the basis of calculation (it was not in existence at so early a date) the 
solar year K.Y. 3410 expired, A.D. 309-10, would have been coupled with No. 56 Dundubhi, since the 
samvatsara so named was current at its apparent MSsba saihkrSnti ; that Dundubhi began on March 
19th, A.D. 308, at 5 h. 27 m., and ended on (see Example 57) March 15th, A.D. 309, at 23 h. 48 m. after 
mean sunrise. 

We now test this for the Original Surya Siddhdnta. The given samvatsara is the one which was 
current at apparent MSsha samkr£nti of K.Y. 3410 expired, i Prabhava of the cycle (Table XXX.) 
began 246.8219 days after mean Mesha samkr&nti of K.Y. 3354 expired. 3410 — 3354 = 56, 
Dundubhi. Dundubhi began in K.Y. 3409 expired. We have to find the moment of mean MSsha 
samkranti of that year by the Original SUrya Siddhdnta. 
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• 

d. 

h. 

m. 

s. 

Apparent Mesha saihk. by Arya S. {Table /.) . 

(76) 

16 

40 

0 

Add S5dhya 

(2) 

3 


30 

Mean Mesha saihk. by 5 

(78) 

20 

12 

30 

Deduct for diff. of (499 — 308) 191 years, by Table in 
Text, § 162 (10 m. -H 9 m. -1- 6 s.) 

— 


19 

6 

Mean MSsha samk. by Orig. S. S 

(A) (78) 

19 

53 

24 

Again : — 

(By Table XXX.) i Prabhava of K.Y. 3354 expired 

, , 

, 

d, 

246.8219 

(By Table XXX.A) 56 Dundubhi 

• 

• 

— 232.7619 


d. 

h. 

(B) 14.0600 
m. s. 

14.0600 - (Table XXXVI.) 

14 

1 

26 

24 

(A) = 

78 

19 

53 

24 

(A) + (B) 

92 

21 

19 

48 


Hence, 56 Dundubhi began (92, by Table IX. ~) on April 1st, A.D. 308, at 21 h. 20 in. aftei’ mean 
sunrise. 

It ended 361 d. 0 h. 38 m. 28 .s. later, or, on March 28th, A.D. 309, at 21 h. 58 m. after mean 
sunrise. 

[Calculating the same by the Surya Siddhanta without the b!ja, I Itnd that the beginning of this 
Dundubhi was on April ist, A.D. 308, at 21 h. 53 m. Tliis is in close agreement with the result of cal- 
culation by the Original Surya Siddh&nta, but it differs by more than twelve days from that by the Arya 
Siddhinta.'\ 

Example 59A. — To find the times of beginning and ending of a Jovian samvalsara according to the 
Brahma Siddhanta or Siddhanta Sirdmani. 

The process is fully explained, and an example given, in the text, § 167 a. 

Example 60. — To find in what sign mean Jupiter stood on a given day according to Kollam reckoning 
in North and South Malabar and Tinnevelly, the authority used being the First Arya Siddhanta ; and to 
find the name of the year according to the twelve-year cycle. 

Rule. Note the quoted year and month, and convert the year by the rule given in the te-\t 
(§§ 174-178), or by Table II., Part III., into Kaliyuga reckoning. Ascertain, as in Example 1 1 above, the 
moment of the samkranti at the beginning of the given month, and fix by the Malabar Rule IV. {above, 
§ 43) which was the first civil day of the month ; thence finding the Euroj>ean day corresponding to 
the given day. Find from Table I., col. 7, the Jovian samvatsara of the sixty-year cycle current at 
apparent MSsha saihkrSnti of the solar year concerned, or obtain it by working as in Example 56 above. 
The last two columns of Table XXXII. give, in a horizontal line with the name and number of the sixty- 
year cycle samvatsara, the name of the equivalent twelve-year cycle samvatsara, as well as the sign in 
which mean Jupiter stood during that samvatsara. As a rule the whole solar year was coupled with the 
name of the samvatsara current at Mesha saihkrinti ; but occasionally a date is reckoned by the 
samvatsara cunent on the given day. In this case it is necessary to find the moments of beginning and 
ending of the samvatsara current at MSsha samkranti, and this must be calculated in the manner shown 
in Examples 56, 57^ 
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^^’anted, according to the Arya Siddhanta, (A) in N. Malabar (B) in S. Malabar and Tinnevelly, 
the sign in which mean Jupiter stood on tlic sixth day of the month Mcsha in the Kollam 
yeai* 782. 

Both for North and South Malabar we ha\*e to add 392O to the given Kollam year, since the given 
month is Mesha. 782 + 3926 -= 4708. This is the number of the expiied Kaliyuga year. From 
Table 1 . we find that by the Arya Siddlidnia the Mesha samkranti of that year took place on March 28th, 
A.D. 1607, at 17 h. 17 m. By Malabar rule the first civil clay of the month Mesha was March 29th, and the 
sixth day was April 3rd. Table I col. 7, shows that the Jovian samvatsara current at Mesha samkranti 
of that year was No. 50 Anala. Or we can arrive at the same from Tables XXIX. and XXIX.A. For 
we see that the current cycle began in K.Y. 4659 expired, with 30 Dmmukha expunged during the cycle, 
viz., in K.Y. 4688. K.Y. 4708 being later than 4688 we add i to the interval between K.Y. 4659 
and 4708. 4708 - 4659 + I 50. Therefore, 50 Anala was cuiTent at apparent Mesha samkranti 
in K.Y. 4708 (compare Examples 48, 49, above), 

^^'ith 50 Anala thus determined, we turn to Table XXXll., col. i, and in cols. 2, 3 find that the 
corresponding samvatsara of the tuehe-year cycle was Bhadrapada, and that, during the whole of 
Anala, Jupiter stood in the sign Mina. He was in Mina, therefore, at the Mesha samkranti. But 
was he so six days later ? 

Turn again to Table XXIX. The Prabhava of the cycle began 123 days, roughly, after Mesha 
samkranti in K.Y. 4659. Then, from Table XXIX.A we find that 51 Pingala began 123 + 365 (the 
solar year-length) — 212, or 276 days after apparent Mesha samkranti of K.Y. 4708, and that was the 
day of the ending of 50 Anala ; so that that samvatsara was certainly current on the given day, which 
was only six days after Mesha sarhkranti. 

On the gi^•en day, therefore, 30 Anala was current. It was called also Bhadrapada, and 
Jupiter stood in Mina by both North and South Malabar and Tinnevelly reckoning. 

This is the same result as found by Prof. Kielhorn, Indian Aniiq,, Vol. XXV., 1896, p. 174, No. 16. 

The Mean and True Longitude of Jufiteu. 

Example 61. — To find the mean place, or mean longitude, of Jupiter and of the Sun at any given 
time by the Sttrya Siddhdnta, the Surya Siddhdnta with the bija, or the Arya Siddhdnta ; as well as the 
nakshatra in which each stood. 

First find the moment of apparent Mesha samkranti of the year concerned by whichever 
Siddhanta it is decided to use, from Table I., or, if the information is not to be found therein, then in 
the manner shown in Examples i or 3 above. Add to the apparent Mesha samkranti time 
Rule. the time interval of the Sodhya correction (see foot of Table XXXIV,, or Table XXXVII,, 
col, 7) for the Siddhanta used. This gives the moment of mean MSsha samkranti. Note 
the number of the expired year of the Kaliyuga corresponding to the given year, i,e„ the year next prior to 
the current year as given in Table I. Take down, according to the Siddhanta selected for use, the figures 
for Jupiter's mean longitude given in Table XXXIIl., for the number of years expired since the epoch 
of the Kaliyuga (i.c,, the number of the expired year). This gives the mean place of Jupiter at the 
moment of mean Mesha samkranti of the given year. Calculate the interval of days, hours and minutes 
from that mean Mesha samkranti to the given moment, and find Jupiter’s increase in mean longitude 
since the moment of mean M^ha samkranti by Table XXXIV, Adding this increase to his mean 
longitude at mean Mesha samkranti, his mean longitude at the given moment is found. 

The sun’s mean longitude is obtained by Table XXXIV. from the value given for the interval 
from mean M^ha samkranti to the given moment ; his mean longitude at mean M6sha samkranti being 
always 0®, 
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I select, for work, the example given at p. £56 of the Indian Calendar, as it enables a 
comparison to be made between the result there found and the result arrived at from my present 
Tables. 

The required information is the mean longitude or mean place of Jupiter at mean sunrise on a 
date corresponding to March 12th, A.D. 1215. We see from Table I. that this falls in K.Y. 4316 current, 
or 4315 expired. By the Surya Siddhdnta,Xryxt Mesha samkranti of that year occurred [Table I., co/s. 13, 
lya) on March 23th (A.D. 1214) at 2 h. 43 m. The 66dhya being by that SiddhSnta 2 d. 4 h. 6 m., we find 
that mean Mesha samkranti occurred on March 27th (A.D. 1214) at 6 h. 49 m. By the Arya Siddhdnta 
true Mesha samkranti — March 23th at i h. 23 m., and, the ^odhya toeing 2 d. 3 h. 32 m, mean Mgsha 
samkranti — March 27th at 4 h. 37 m. The interval of time from mean Mesha samkranti to the given 
moment (March 12th, A.D. 1213, 0 li. Lanka time or mean sunrise) is by the Surya Siddhdnta 330 
days less 6 h. 49 m. or 349 d. 17 h. ii m., and by the Arya Siddhdnta 330 days less 4 h. 37 m., or 349 d. 
19 h. 3 m. We proceed to calculate the interval since mean Mesha samkranti of K.Y. i current by both 
Siddhantas, (Remember, that there are 30° to one sign, and twelve signs.) 



Jupiter (by Surya S.) 

Jvpiter (by Arya 

8.) 

Sun (by Surya S.) 

Sm (by Arya S.) 


a. 

e 

/ 

0 

a. 

0 

/ 

0 

a. 

0 


0 

a. 

0 

i 

0 

4000 years 

2 

26 

40 

0 

2 

28 

0 

0 


. . 


, , 


. , 


. , 

300 „ 

3 

15 

.30 

0 

3 

15 

30 

0 


, . 

. , 

. * 

, , 

. . 

. . 

. . 

10 

10 

3 

31 

0 

10 

.3 

31 

12 

, , 

, , 

, , 

. . 

, . 

. . 

. . 

. . 

5 

5 

1 

45 

30 

5 

1 

45 

30 

, , 

, , 

. . 

. . 

. , 

, . 

. . 

. . 

300 days 

0 

24 

55 

44 

0 

24 

55 

44 

9 

25 

40 

51 

9 

25 

40 

51 

40 

0 

3 

19 

20 

0 

3 

10 

20 

1 

i) 

25 

27 

1 

9 

25 

27 

9 

0 

0 

44 

52 

0 

0 

44 

52 

0 

8 

52 

14 

0 

8 

52 

14 

10 hours 

0 

0 

2 

5 

0 

0 

2 

5 

0 

0 

24 

38 

0 

0 

24 

38 

7 M 

0 

0 

1 

27 




, , 

0 

0 

17 

15 

, , 

, . 


.. 

0 

1 1 minutes 

0 

0 

0 

2 

0 

0 

1 

52 

0 

0 

0 

27 

0 

0 

22 

11 

1 

" 1 

3 

•• 

- 

•• 

•• 

0 

0 

0 

1 

• • 



•• 

0 

0 

0 

7 


10 

10 

30 

0 

10 

17 

50 

48 

11 

14 

40 

52 

11 

14 

45 

28 


At mean sunrise, therefore, on the given day, the mean longitude of Jupiter was, by the Surya Siddhdnta, 
10** 16® 30' 6 *^ and of the sun ii* 14® 40' 52^ and by the Arya Siddhdnta that of Jupiter was 
10* 17® 36' 48'' and of the sun ii" 14® 43' 28"'. 

This differs slightly from the figures given, by the Arya Siddhdnta, on p. 137 of the Indian Calendar, 
because in that instance we did not take account of the odd hours and minutes. Strictly .speaking, 
the result there given, viz., for Jupiter lo* 17® 37' 49"^ and for the sun ii* 14® 37' 39^, should have been 
stated as being the result for 4 h. 37 m. after mean sunrise on the given day. Adding to our present 
figures the values for Jupiter’s and the sun’s mean motion for 4 h. 37 m., it will be found that there 
is exact coincidence} 

’ I have also worked out by my Tables the example given by Prof. Kielhom in Ind. Ant, XVIII., p. 233, in which 
worked by Warren's Tables, the mean longitude of Jupiter at mean sunrise on October 18th, A,D. 475, was found to be 
195* 5'. Using my new Tables in the present volume, and the SHrya Siddhdnia (which, though it does not apply to the year 
in question, w^as evidently the authority selected by Kielhom), 1 obtain for the same moment 195* 5' 10'. 
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The result is that by both SiddhSntas Jupiter was in the lith sign Kumbha, and this corresponds 
with the data of the inscription under examination. 

If we desire to learn in which nakshatra mean Jupiter or the mean sun stood at the given moment, 
we turn to Table XXII. Jupiter’s mean longitude by the SUrya SidiMnta having been determined as 
316" 30' 6' and the sun’s 344® 40' 52*, and by the Arya SiddMnta Jupiter’s longitude being 317® 56' 48* 
and the sun’s 344® 45' 28', we find that by the equal-space system of nakshatras and by both SiddhSntas 
Jupiter was in 24 Satabhishaj at the given moment, while by the Garga system and the s}^tem of the 
BrShma Siddhanta he stood in PQrv’a BhadrapadS. By all systems the sun by both Siddhantas was in 
Uttara Bhadrapada. 

I have not thought it necessary in this case to work out the result by the S^rya Siddhinta with 
the bija, because it was not in use at the time in question. Calculation by it is, mutaiis mutandis, 
precisely the same. 

Example 62. — To find the true, or apfiaretU, longitude of Jupiter at any given time, and his corres- 
ponding nakshatra. 

Rule. The rule is clearly given in § 184 above, and as it is rather long I will not attempt to 
repeat it. One clear example is also there given, but I think it well to give another. 

Professor Kielhom calculated the true place of Jupiter at mean sunrise on November iith, 
A.D. 1581, with reference to an inscription of the Kollam era in South India, as, according to the SHrya 
Siddhanta (without the bija), 9' i® 47', or 271® 47'. (Ind. Ant., Vol. XXV., 1896, p. 174, No. 13.) 
I proceed to work the date according to present rule, by the Siirya Siddhanta. 

The date corresponds to a day in K.Y. 4682 expired, or 4683 current. 



w. 

h. 

m. 

Tme Mesha samk ; of that year (Table 

. March 28 (87) 

I 

51 

Surya Siddhdnia ^6dhya 

. . 2 (2) 

4 

6 

Mean Klesha samk 

, . March 30 (89) 

5 

57 


Interval from mean M&ha Samkranti, K.Y, i, to November nth, A.D. 1581 (day 315 by Table IX.) 
= 4682 years, 226 days (315 — 89). 




Jupiter. 




Sun. 



s. 

0 

/ 


s. 

0 

/ 


[Table XXXIII.) 4000 years .... 

2 

26 

40 

0 

... 


— 


600 

7 

I 

0 

0 



— 


80 

8 

28 

8 

0 



— 


2 ,, .... 

2 

0 

42 

12 



— 


(Table XXXIV.) 200 days .... 

0 

16 

37 

9 

... 6 

17 

7 

14 

20 „ .... 

0 

X 

39 

43 

... 0 

19 

42 

43 

6 „ .... 

0 

0 

29 

55 

... 0 

5 

54 

49 

Mean place of Jupiter. Nov. nth, A.D. 1581, 









at 5 h. 57 m. after mean sunrise . 

9 

15 

16 

59 

... 7 

12 

44 

46 

His mean motion for 5 h. 57 m. (TableXXXIV.) 

— 


I 

13 

. .. — 


14 

39 

His mean place at mean sunrise . 

9 

15 

15 

46 

... 7 

12 

30 


— 

7 

12 

30 

7 






V = 2 a 45 39 
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This is, roughly, 63®. Parallax for 63® = {Table XXXV.) 9“ 14'- Half this is 4® 

s. 

37': 

0 

to be deducted. 

/ It 

Mean longitude of Jupiter 

9 

15 

15 

46 

— 


4 

37 


' 

9 

10 

38 

46 

Less longitude of aphelion by Surya Siddh. (foot of Table A'A'-YK.) — 

5 

21 



Anomaly, — 

3 

19 

38 

46 

This is, roughly, no®. Equation of centre for no® {Table XXX V.), 4® 52'. 

.S, Q / If 

s. 

0 

/ 


Mean longitude of Jupiter . 9 15 15 46 V . 

2 

2 

45 

39 

— 4 52 

- 

__. 4 _ 

__ 52 _ 


9 10 23 46 » helioc. longitude 

I 

"27" 

” 53 

■T 9 = Y. 


of Jupiter, X. 

This, roughly, is Y = 58®. Parallax for 58® = {Table XXXV.) 8® 41' ; to be deducted from X, 

s. ^ f " 

9 10 23 46 

— 8 41 

9 I 42 46 = Z, 

or Jupiter’s apparent longitude, as required. Excluding seconds, therefore, we find the apparent longitude 
of Jupiter at mean sunrise on November nth, A.D. 1581, to be 9* 1® 43'. 

Kielhorn made it 9* 1® 47', a difference of 4'. This is unimportant. And the difference is reduced 
to 3' if we suppose, as is highly probable, that Kielhorn, in making his calculation, took no account of 
the 5 h. 57 m. of the date, which in mine I have been careful to include. 

By Tabic XXII. we find that, Jupiter’s longitude being 271° 43', he. stood in the sign Makara, 
which began at 270° ; and in the nakshatra Uttara Ashadha, by all the three systems. 

Calculation can be made in this way for any of the Siddhantas noted in Table XXXI 11 . 

The Lagna. 

Example 63. — To find the time of any day when a particular sign of the zodiac becomes or remains 
lagna, i,e., rising on the eastern horizon. 

Kielhorn ’s definition of the lagna is worth quoting. The lagna “ denotes the rising on the horizon 
of a sign of the zodiac and gives us the time of day when the action to which the date refers was 
performed.” {Indian Antiq. XXV ., p. zqi.) {See also §§ 193-198 «6ow.) This definition refers 

to the more common use of the word in epigraphic records, and in this work we do not need to notice 
any other of its meanings. 

We ignore differences due to the angle which the ecliptic makes with the equator, or due to the 
fact that mean time and true time are not the same, or to the fact that the times of rising of the true 
sun vary with the latitude of the place ; and we work only for a first approximation. 

Rule. Find by the rules given above {Examples 20 to 23) the “c” at sunrise on the given day, 
or at the given moment of the day, as required, and, by Table VII. the value of equation c. (i.) From 
the formula s = (c X 10) + 7207 — equation c, find the value of s, which gives the true longitude of the 
sun. (ii.) Note, by Table XXII., the longitudinal distance in degrees of the given lagna. Converting 
s into degrees, minutes and seconds, find the distance between the sim at mean sunrise and the lagna. 
(iii.) Convert this distance into time at the rate of four minutes of time to one degree, and four seconds 
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of time to one minute of arc. The result is approximately the time after mean sunrise when the 
given lagna or rising occurred. 

We require to work out the case of a lagna quoted in a South-Indian inscription of the Pandyan 
dynasty, and calculated by Kielhom. (See Epig. Ind. VL, 304, No. 6.) The year, month and' day 
correspond to March 13th, A.D. 1223 ; being given as on the auspicious occasion of the Rishabha 
(lagna) on the day of Pushya, ... the ninth tithi of the first fortnight of the (solar) month of 
Mina.** Prof. Kielhorn found that on that day the sign Rishabha, or Vrishabha, was lagna from 2 h. 28 m. 
to about 4 h. 28 m. after mean sunrise ; so that the action referred to in the record took place between 
about 8.28 a.m. and 10.28 a.m. on the day in question. We proceed to verify this. The record being 
one belonging to the Tamil country we work by the Arya Siddhanta. 

We learn from Table I. that in A.D. 1223 MSsha sarhkranti occurred on March 25th at 9 h. 17 m. 
March 13th was 12 days earlier ; and on March 4th (col 19) we have the value of r, viz., 221, given in col. 25. 
We know, therefore, that on March 13th the month Mina was current. [It^ belonged to the previous 
year, whose Mesha sainkranti occurred on March 25th (84) at 3 h. 5 m. Adding to this the interval 
to the Mina samkr5nti (Table HI. or XVIILA), viz., 334 d. 22 h. 5 m., we find that the latter took 
place on Feb. 23, A.D. 1223 (Table IX.) at i h. 10 m. ; and by nile the first civil day of Mina was the 
same. Therefore, March 13th was Mina 19.] 

Now to find the value of c at mean sunrise on March 13th. From cols. TO-25 of Table I., from 
Table TX. and from Table IV. we have the following : — 



d. 

XV. 

a. 

h. 

c. 

At mean sunrise on March 4thj 

. 1223 (63) 

0 

9916 

549 

221 

Inten’al to March 13th 9 days 

• (9) 

2 

3048 

..^7 

25 

At mean sunrise, March 13th, : 

1223 {72) 

2 

2964 

876 

246 


Equation b 42 

Equation c . , . . . 0 

/ — 3006 

f = 246. Equation c (Table 17/.) = 0. Now use the formula s = (r x 10) + 7207 — equation c ; and we 
find or the true longitude ol the sun at mean sunrise on March 13th, — 9667 ^ (Table VIII. B) 
345° 36' + 2° 24', or 348°. [And, if we choose to note it, we find that 5 + / = w — 2673, proving the 
nakshatra to have been, as stated in the given date, Pushya, by Table VIII.] The first point of the 
solar sign Vrishabha is (Table XXII.) at (360° + 30®) 390®. 390® — 348® = 42®. So, at mean sunrise 
on March 13th the distance between the true sun and the first point of Vrishabha was 42®, and this, in 
mean time, gives {42 x 4 — ) 2 h. 48 m. The last point of Vrishabha was (360® + 60® — ) 420®, and this 
— 348® = 72®, or in time (72 x 4 — ) 4 h. 48 m. Therefore, Vrishabha was lagna during the two hours 
between 2 h. 48 m. and 4 h. 48 m. after mean sunrise on March 13th, A.D. 1223. 

This is precisely the result arri\’ed at by Kielhom, and we know, therefore, that he considered it 
sufficient to w^ork approximately for a re.sult in the same way as we have done. 

^ The process in brackets is not really necessary for prew»nt purposes, but it might have been so if the inscription hail 
quoted the exact serial day of Mina corresponding to the 9th ^ukla lunar tithi ; and I have therefore included the calculation 
as a guide in other cases. And so with the nakshatra. 
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TABLE XVII. 


For conversion of the moment of the Mesha SamkrAnti as cai.cui.ated by the First Arya 
SiddhAnta into the same moment according to the Present Surya Siddhanta. (Oorr: I of Text.) ' 

For the tevorae process, Surya to Jrya, the figures to be used with signs reversed.^ 


Years 

A.D. 

1 Difference in 


Difference 

n 


Difference 

n 

! 

Difference 

in 

Mins. 


A 

c. 

Years 

A.D. 

Mins. 

i«. 

+ 

6. 

f. 

Years 
* A.D. 

1 

Mins 

r 

1 «• 
+ 

h. 

r. 

Years 

1 A.D. 

1 

Mins 

|a. 

+ 

L 

c. 

800-308 

21 

6 

1 

0 

703-711 

1 23 

i 5 

1 

0 

1111-1118 

1 68 

16 

2 

0 

1 1521-1530 

113 

26 

3 

0 

300-317 

20 

6 

1 

0 

712-720 

1 

6 

1 

0 

1119-1128 

I 69 

I 16 

2 

0 

1 1531-1538 

114 

27 

3 

0 

318-327 

19 

4 

0 

0 

721-729 

25 

! 6 

1 

0 

1129-1136 

70 

10 

2 

0 

1539-1548 

116 

27 

3 

0 

328-830 

18 

4 

0 

0 

730-738 

26 

6 

1 

0 

1137-1146 

71 

17 

2 

0 

1649-1.')68 

116 

27 

3 

0 

337-346 

17 

4 

0 

0 

739-747 

27 

6 

1 

0 

1147-1166 

72 

17 

2 

0 

1569-1666 

117 

27 

3 

0 

846-864 

16 

4 

0 

0 

748-766 

28 

i 7 

1 

0 

1 167-1 l(i4 

; 73 

17 

2 

0 

: 1567-1676 

118 

28 

3 

0 

356-363 

15 

1 4 

0 

0 

767-766 

29 

1 7 

1 

0 

1165-1174 

74 

17 

2 

0 

j 1577-1684 

119 

28 

3 

0 

304-372 

14 


0 

0 

767-776 

30 

7 

1 

0 

1176-1182 

76 

18 

2 

0 

I 1686-1694 

120 

28 

4 

0 

373-381 

13 


0 

0 

776-784 

31 

7 

1 

0 

1183-1192 

76 

18 

2 

0 

! 1505-1602 

121 

28 

4 

0 

382-301 

12 

1 3 

0 

0 

786-703 

32 

8 

1 

0 

1193-1200 

77 

18 

2 

0 

1 1603-1612 

122 

28 

4 

0 

392-400 

11 

3 

0 

0 

794-802 

33 

8 

1 

0 

1201-1210 

78 

18 

2 

0 

1613-1622 

123 

29 

4 

0 

401-409 

10 

2 

0 

0 

803-811 

34 

8 

1 

0 

1211-1220 

70 

18 

2 

0 

1 1623-1630 

124 

29 

4 

0 

410-418 

0 

1 2 

0 

0 

812-820 

35 

8 

1 

0 

1221-1228 

80 

19 

3 

0 

1631-1640 

126 

20 

4 

0 

419-427 

8 

2 

0 

0 

821-830 

36 


1 

0 

1220-1238 

81 

19 

3 

0 

1641-1(48 

126 

29 

4 

0 

428-436 

7 

2 

0 

0 

831-839 

37 

0 

1 

0 

1239-1246 

82 

19 

3 

0 

1649-lfi58 

127 

30 

4 

0 

437-446 

6 

1 

0 

0 

840-848 

38 

« 

1 

0 

1247-1258 

83 

19 

3 

0 

' 1669-1668 

128 

30 

4 

0 

440-45S 

6 

1 

0 

0 

849-857 

39 

9 

1 

0 

1269-1264 

84 

20 

3 

0 

i 1600-1676 

129 

30 

4 

0 

466-464 

4 

1 

0 

0 

808-800 

40 

9 

1 

0 

1205-1274 

86 

20 

3 

0 

1677-1680 

130 

30 

4 

0 

405-473 

3 

1 

0 

0 

867-876 

41 

10 

1 

0 

1276-1284 

80 

20 

3 

0 

1 1687-1694 

131 

31 

4 

0 

474-482 

2 

0 

0 

0 

870-884 

42 

10 

1 

0 

1285-1292 

87 

20 

3 

0 

' 1695-1704 

132 

31 

4 

0 

483-491 

1 

0 

0 

0 ; 

886-894 

43 

10 

1 

0 1 

1293-1302 

88 

21 

3 

0 

1705-1714 

133 

31 

4 

0 

492-600 

0 

0 

0 

0 ■ 

896-903 

44 

10 

1 

0 

1 1303-1310 

89 

21 

3 

0 

: 1716-1722 

134 

31 

4 

0 



+ 


j, 

004-912 ; 

46 

11 

1 

0 

1311-1320 

90 

21 

3 

0 

i 1723-1732 

136 

32 

4 

0 

601-609 

1 

0 

0 

0 

913-921 1 

i 46 

11 

1 

0 , 

1321-1328 

91 

21 

3 

0 

1733-1742 

136 

32 

4 

0 

610-619 

2 

0 

0 

0 

922-930 1 

1 47 

11 

1 

0 ' 

1329-1338 

92 

22 

3 

0 

1743-1750 

137 

32 

4 

0 

620-628 

3 

1 

0 

0 

931-939 1 

48 

11 

1 

0 1 

1339-1346 

93 

22 

3 

0 

1761-1758 

138 

32 

4 

0 

629-637 

4 

1 

0 

0 

940-948 1 

49 

12 

1 

0 ' 

1347-1366 

94 

22 

3 

0 

1759-1768 

1.39 

32 

4 

0 

638-646 

5 

1 

0 

0 1 

949-958 i 

60 

12 

1 

0 1 

1367-1366 

96 j 

22 

3 

0 

1709-1776 

140 

33 

4 

0 

647-666 

0 

1 

0 

0 ! 

969-967 ' 

61 

12 

1 

0 1 

1367-1374 

96 

22 

3 

0 

1777-1780 

141 

33 

4 

0 

666.604 

7 

2 

0 

0 ; 

; 968-976 ; 

62 

12 

1 

0 

1376-1384 

97 * 

23 

3 

0 

1 1787-1790 

142 

33 

4 

0 

565-673 

8 

2 

0 

0 

977-985 ' 

63 

12 

1 

0 

1385-1392 

98 

23 

3 

0 

1797-1808 

143 

33 

4 

0 

674-683 ' 

0 

2 

0 

0 

980-994 . 

54 

13 

1 

0 

1393-1402 

99 1 

23 

3 

0 

1809-1814 

144 

34 

4 

0 

584-692 

10 

2 

0 

0 : 

995-1003 : 

66 

13 

1 

0 

1403-1410 

100 

23 

3 

0 

; 1815-1824 

146 

34 

4 

0 

693-001 

11 

3 

0 

^ i 

1004-1013 

56 

13 

1 

0 

1411.1420 

101 

24 

3 

0 

1825-1832 

140 

34 

4 

0 

602-610 

12 

3 

0 

0 > 

1014-1022 I 

57 

13 

1 

0 

1421-1430 

102 : 

24 

3 

0 

I 1833-1842 

147 

34 

4 

0 

011-619 

13 

3 

0 

0 1 

1023-1031 ; 

68 

14 

1 

0 

1431-1438 

103 ' 

24 

3 

0 

1 1843-1850 

148 

35 

4 

0 

620-628 

14 

3 

0 

0 

1032-1040 1 

59 

14 

1 

0 

1439-1448 1 

104 1 

24 

3 

0 

' 1851-1860 

149 

36 

4 

0 

629-638 

16 

4 

0 

0 

1041-1049 

60 

14 

2 

0 

1449-1466 

105 : 

26 

3 

0 

1861-1872 

160 

35 

4 

0 

639-647 

16 

4 

0 

0 

1050-1068 

01 

14 

2 

0 

1467-1466 : 

106 

25 

3 

0 

1873-1878 

151 

36 

4 

0 

648-660 

17 

4 

0 

0 

1069-1067 

62 

14 

2 

0 

1467-1474 1 

107 1 

25 

3 

0 

1879-1888 

152 

30 

4 

0 

667-665 

18 

4 

0 

0 ; 

1068-1077 

63 

16 

2 

0 

1476-1484 1 

108 

26 

3 

0 

1889-1896 

153 ' 

36 

4 

0 

666-674 

19 

4 

0 

0 ,| 

1078-1086 

64 

16 

2 

0 

1486-1494 

109 1 

26 

3 

0 t 

1807-1900 

154 i 

36 

4 

0 

676-683 

20 

6 

1 

0 i! 

1087-1096 

66 

16 

2 

0 

1496-1602 { 

no 1 

26 

3 

0 


1 




084-602 

21 

5 

1 

0 1 

1096-1104 

60 

16 

2 

0 

1603-1612 1 

111 

26 

3 

0 


1 




693-702 

22 

5 

1 

0 il 

1106-1110 

67 

16 

2 

0 

1613-1620 ' 

112 ' 

26 

3 

0 


1 

mmmrnm 




' Owing to the fractions iuTolved in these differences the sum of the minutes is often one more or less than the actual 
amount, hut this does not affect the value of a, 6, e as given. For ** Correction I ” see Test, 1 40, dc. 

*The + sign shows that the MfshaSamkranti according to the SQrya took place after, the — sign' that it took place 

hitfnTCi. AnAnivlInflf f.tiA . 
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TABLE XVIII.A. 

Duration and collective duration of true, op apparent, solar months, with increase 

OF a , b , C AT EACH SAkKRANTI. 


Lnni-SolM 

month. 

{Knding after the 
second of the tiro 
sainkr&ntif toith 
lehkh it is 
connected,) 


SoUr 

samkranti. 


Oolleotive duration in days and 
collective increase of a, b, c, from 
MSsha samkrinti to each samkranfci. 


D. Gh. P.i D. H. M. a. b. e. 


3 


Length of each month between samkrantis and 




1. Chaitra . . 

2. Vai^kha 

3. Jyeshtha 

4. Ashidha 
o. Sravana 
V), Bhadrapada -! 

7. Alvina ... 

8. Karttika . . | , 
0. Marga^Irsha | 

10. Pausha - . . i 

11. Magha 


1 rMlna 



-! {of previous 

gear) 


! iMSsha 

0 0 0 

on /A\ RR on 

0 0 0 
on /o\ oo lo' 




|12. Phalguna 
1. Chaitra . . 


i 

•{ 


Mithuna . 
Karka . . 
Siihha . . . 

{ Kan3'a . . 

Tula 

Vri^hika 
Dhanus . 
/ Makara 
i Kumbha 
r Mina .... 
{ M^ha . . . 


0 
472 

.! 02 (6) 10 34' 62 (0) 7 40|n00 

4 03 (2) 66 o' 93 (2) 22 24'l800 

.1126 (0) 24 4 125 (6) 0 38I24A5 


{of foUoiring gear) 


.|106(2)2C 9100(2) 
.jl86 (4) 03 33 186 (4) 
4216(0) 47 45216(6) 
.i24G(l) 18 16'246 (1) 
.;270(2) 36 18,270 (2) 
.{SOO (4) 6 42|300 (4) 
.!.334 (5) r>n 12 334 (3) 
.1305 (1) 15 31355 (1) 


10 28|2075 

21 253288 
10 6 3413 

7 1813406 
15 43|3346 
2 4l|3321 

22 5.3414 
6 1213689 


0 o; 

122 85; 
262 1711 
409 258! 
551 343' 
677 428 i 
783 611|| 
868 593, 
939 674|| 
4 755 ! 
73 835| 
154 917 ! 
255 Oi 


increase of a, < 

c, between each samkr&nti. 

D. Gh. P. : 

D. H. M. S. 

1 a, b. c. 

6 ; 

7 

S 

0 0 0 

0 0 0 0 

0 0 0 

30 (2) 55 30 

30 (2) 22 12 0 

472 122 85 

31 (3) 24 4 

31 (3) 9 37 36 

634 140 86 

31 (3) 36 26 

31 (3) 14 34 24 

703 147 87 

31 (3) 28 4 

31 (3) 11 13 36 

656 142 85 

31(3) 2 5 

31 (3) 0 50 0 

510 126 85 

30 (2) 27 24 

30 (2) 10 57 36 

313 106 83 

29(1) 54 12 

29 (1) 21 40 48 

125 85 82 

29 (1) 30 31 

29 (1) 12 12 24 

9993 71 81 

29(1)21 2 

29 (1) 8 24 48 

9940 65 81 

29(1) 27 24 

29 (1) 10 57 36 

9975 69 80 

29 (1) 48 30 

29(1) 19 24 0 

93 81 82 

30 (2) 20 194 

30 (2) 8 7 42 

276 101 83 

365 15 3U 

360 6 12 30 



TABLE XVIII.B* 


Dur.^tion and collective duration of true, or apparent, solar months, with increase 

OF a , b , c at each samkranti. 

By the Sdrya Siddhanta. 


Luni-Solar 

month. 

{Kndiny after the 
second of HkC tno 
sninkrdntis with 
which it is 


Solar 

samkrinti. 

Collective duration in days and 
collective increase of a, 5, c, from 
Mesha samkrinti to each samkranti. 

! 

Length of each month betw'ecn samkrantis and 
increase of a, b, r, between each samkrinti. 

connected,) 



D, Gh. P. 

D. H. M. 

a. 6. c. 1 

D. Gh. P. 

D. H. M. S. 

0. be Ce 

1 


2 

3 

4 

« 1 

6 

7 

8 

1. Chaitra .... 

, I Mina 

; -j {of jnrevious 
iM^sha 

year) 






2 I'al^&kha . , / 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

3. JyCflhtha .. ^ 

4. Ashadba . . / 

/Vrishabha .. 

30 (2) 56 7 

30 (2) 22 27 

475 123 85 

30 (2) 06 7 

30 (2) 22 20 48 

475 128 85 

1 t Mithuna .. .. 

62 (6) 21 20 

62 (6) 8 32 

1116 203 ) 71 

31 (3) 20 13 

31 (3) 10 6 12 

041 140 86 

5. 6ravana .. 

6. Bhadrapada/ 

7. Asvina . . . 1 

8. Karttika . . / 

;j 

' Karka 

94(3) 0 1 

94(3) 0 0 

1831 411 257 

31 (3) 38 41 

31 (3) 16 28 24 

717 149 86 


t Siihha 

120 (6) 28 32 

125 (6) 11 26 

2400 604 343 

31 (3) 28 31 

31 (3) 11 24 24 

659 143 86 

j 

fKanya 

166 (2) 29 39 

166(2) 11 52 

2994 679 428 

31 (3) 1 7 

31 (3) 0 26 48 

604 126 85 

' 

1 

.TuU 

186 (4) 56 8 

186 (4) 22 27 

3802 784 612 

SO (2) 26 20 

30 (2) 10 36 36 

808 106 84 

9. Mftrga^rsha ^ 
1 1 l Pausha • • • / 


' Vriik'hika , . . 

216 (6) 40 44 

216 (6) 19 54 

3426 800 093 

20 (1) 63 36 

20 (1) 21 26 24 

122 85 81 


^ Dhanus . . . . 

246 (1) 19 0 

246 (1) 7 40 

3411 940 674 

20 (1) 20 26 

29 (1) 11 46 0 

9986 70 81 

11. Magha .. 

12. Ph&lguna . | 


' Makara .... 

275 (2) 38 13 

275 (2) 15 17 

3340 3 700 

20 (1) 10 4 

29 (1) 7 37 36 

9928 64 81 


1 Kumbha . .. 
' Mina 

305(4) 6 6 
334 (5) 64 19 

306(4) 2 2 
384 (6) 21 44 

8811 72 830 
3409 164 910 

20 (1) 26 03 

20 (1) 40 13 

20 (1) 10 45 12 

29 (1) 10 41 12 

9972 68 80 
08 82 81 

1. Chaitra .... 

1 

1 

MSsha 

^ {of faUotaing 

300 (1) 10 32 

! 

365 (1) 6 18 

1 

3680 200 0 

30(2) 21 12,02 

360(1), 16,31.02 

80 (2) 8 29 0.66 

300 (1), 6, 1236.06 

279 102 84 


N.B. The 6gurefl in brackets give the week-days. 
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TABLE XVIII.C. 

Time and a, b, c difference beiween the Arya and SOrya SiduhAntas in the collective 
DURATION OF ALL SUBSEQUENT SAMKRANTIS FROM TRUE MeSHA SAMKRANTI. (COPr. II. of TeXt.)' 


« 

Luui-solar 

month. 

{Ending after 
the second of the 
two samkrantis 
with which it ie 
contiected,) 

Solar 

samkraiiti. 

1 

2 

1. Chaitra 

/Mina 

j {of previous year) 
^Mesha 

2. Vai^akha . . . . | 

3. Jycshlha 

4. ^hadha 

5. Sravana 

< Vrishabha 

(Mithuna 


jKarka 

(Simha 

0. Bhadrapada * | 
7. Alvina 

(Kanya «... 

(Tula 

8. Karttika . . . . j 
0. Margailrsha .... 

10. Pausha -j 

11. Mttgba 

(Vrii^ihika 

( T)hanus . . . . . . . 


^Makara 

(Kumbha \ . . . . . 

1 Mina 

12. Phalguna . . . . | 
1. Chaitra 

jMesha 


\ {of following year) 


Time and a, b, e, diScrvnvc. 

[To convert Jrya 8iddhdnta result b to 
8urya Siddfidnkt results apply the 
correction as given. To convori Surya 
to Arya a^ply the correction with 
signs reversed.] 


Gh. P. 1 

1 

H. M. 

3 

a. 6. c. 

0 0 

0 0 

0 0 0 

+ 0 37 

4* 0 15 

4-400 

+ 1 40 

4- 0 43 

4 10 1 0 

+ 4 1 

4- 1 30 

1 -1 22 3 0 

+ 4 28 

4- 1 47 

4*25 3 0 

+ 3 30 

4- 1 24 

j 4 20 3 0 

+ 2 35 

+ 1 2 

1 4-14 2 0 

+ 1 59 

4 0 48 

i +11 1 0 

4 0 53 

4- 0 22 , 

+ 510 

— 1 5 

— 0 20 

i — 0 1 0 

— 1 36 

— 0 39 

— 0 1 0 

— 1 53 

— 0 21 

o 

1 

— 0 1 

— 0 1 

0 0 0 


NOTES. 


4 


When this Table (col. 3, a, h, c) is 
used with cols. 9» 11 of Table !• of the 
Indian Calendar (which gives the U 
or moments of samkr&ntis connected 
with intercalated and suppressod 
lunar months) only the value of a 
can be applied to the given lunation 
parts, i\ and therefore the result can 
only be approximate. But the most 
extreme divergence from the 
correct result can only be (o »* ) 4* 3 
or — 3, total 0, in t!he case of the 
Karka, Siihha, and Kanya sath- 
krantis ; (a = ) + 2 or — 2, total 
4, in the case of the Tula sanikranti ; 
and (a =s) + 1 or — 1, total 2, in 
the case of the Mithuna, Vriiehika, 
Dhanus,^ Makara, Kumbha, and 
Mina sani krantis. 


For ‘‘Corrtsetion II.” of Text, see §§ 65, 66. 
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TABLE XIX .A. 

Collective duration of mean solar months, and the increase of a at each samkrAnti. 

By the Arya SiddhSnta. 


Luui- solar 
month. 

{Ending after the 
second of the two 
samkrdniis m'th 
it^ic-h it is 
connected,) 


1 


1. Chaitra. 


VaiHakha 
Jy^htha 
Aeharlha 
l§ravana 
Bhadrapacla 
Airina , 
Karttika 
Marga^lr^ha 
Pausha . 
Magha .. 
Phalguna 

Chaitra 


Solar 

sakmranti. 


( Mina 

-j ( 0 / pnvioi 

^M^ha . . . . 
< Vrishabha 


{ Mina 











Increase 


CoUectivo 

duration 

in days 

from moan 

Mesha 



samkranti to each mean 

samkrftnti, and 



c 

orrosponding collective 

increase 

of 

a. 

saibkranti. 

NOTES. 

D. 

C5h. 

P. 

Vip/ 

D. 

H. 

M. 

S. 

a. 

«. 



3 




4 



5 

0 

7 











(i*) The Oguies in 

ar) 



i 







brackets give the 

0 

0 

0 

0 , 

0 

0 

0 

0 


0 

Mcok-days. 

:io( 2 ) 

20 

17 

30i, 

30(2) 

10 

31 


307 

307 

(iit) The increase 

i 00(4) 

52 

35 

i2j; 

60(4) 

21 

2 

5 

014 

307 

of n is actually 

91(0) 

18 

52 

48} 

01(0) 

7 

33 

4 

023 

309 

307.4165. 

121 (2) 

45 

10 

25 1 

121 (2) 

18 

4 

10 

1229 

300 

(iii.) Mean MCsha 

152 (5) 

11 

28 

4; 

152 (5) 

4 

35 

12i 

1530 

307 

samkr&nti is True 

! 182(0) 

37 

45 

371' 

182 (0) 

15 

0 

15 

I 1844 

308 

MSsha samkranti 

' 213 (3) 

4 

3 

13i‘ 

213 (3) 

1 

37 

m 

2152 1 

306 

+ 65dhya, which, 

243 ( 0 ) 

30 

20 

50 , 

243 (5) 

12 

8 

20 

2459 1 

307 

by the Arya Eid~ 

273 (0) 

50 

38 

20i 

273 (0) 

22 

39 

22J 

2700 1 

307 

dhUntOp is 2 d. 8 gh. 

304 (3) 

22 

5(} 


304 (3) 

9 

10 

23 

3073 j 

307 

51 p. 15 vip. or 

334 (3) 

49 

13 

38J 

334 (5) 

19 

41 

271 

3381 , 

308 

2 d. 3 h. 32 m. 30 s. 

305 (1) 

15 

31 

15 ! 

305 (1) 

6 

12 

30 

3680 ! 

308 

The increase of a 

ar) 








1 


for this idOdhya 




i 





[ 


interval is 727. 


TABLE XIX.B. 

Collective duration of mean solar months, and the increase of a at each samkranti. 

By the Surya Siddhanta. 


Luni'Solar 


1 









j Increase 


month. 


Collective 

duration 

in days 

from mean M5sha 

of a between 


{Ending after the 

' Solar 

samkranti to each mean 

saihkrauti, and 


^ each mean 


second of the two 

samkranti. 

corresponding 

collective 

increase 

of a. 


saxhkrantL 

NOTNS. 

samkr&ntis with 












which it is 




— 

- 

, - 

— 

— 

- 


- • 


connected.) 


D. 

Cih, 

P. 

Vip. 

D. 

H. 

M. 

S. 

a. 

a. 


1 

2 


3 



i 

4 



5 

6 

7 


(Mina 

i 











1. Chaitra 

{of ptevious year) 











2. Vaisakha . 

^M5sha 

.. 0 

0 

U 

0 

0 

0 

0 

0 

0 

0 

The AOdhya by the 

3. JyGshtha .. ^ 

4. Asha^a - \ 

5. I§r&vai;ia .. 

0. Bhadrapacla 

7. A^vifiA. . . - ' 1 

( Vt;iBhabha . 

. . 30 (2) 

26 

17 

38 

:i0(2) 

10 

31 

3 

307 

307 

Surya Siddk&nta is 

iMithuna .. . 

.. 60(4) 

52 

35 

15 

60 (4) 

21 

2 

6 

614 

307 

2 d. 10 gh. 14 p. 

(Karka .... 

.. 91(0) 

18 

52 

53 

91 (0) 

7 

33 

9 ! 

023 

309 i 

30 vip., or 2 d. 4 h. 

tSimha 

.. 121(2) 

45 

10 

30 

121 (2) 

18 

4 

12 

1229 I 

306 1 

5 m. 48 8 . The 

rKanya .... 

.. 152(5) 

11 

28 

8 

152 (5) 

4 

35 

15 1 

1 

1536 j 

307 : 

increase of a for 

• ♦ ilACv • • ■ I 

fi KftrfifcikA. ^ 

tTula 

.. 182(0) 

37 

45 

46 

182 (0) 

15 

6 

18i 

1844 1 

308 

this AOdhya inter* 

' o* jvnri/iijjkap - 1 

9 . Marga4lrsha 

10. Pausha . .. J 

11. Magha .. .. ^ 

12. Philguna . i 

(VfiAchika . . 

213 (3) 

4 

3 

23 

213 (3) 

1 

37 

22 i 

2152 

306 1 

val is 734. 

(Dhanus . . . 

..| 243(5) 

30 

21 

1 

243 (5) 

12 

8 

25 

2469 

307 


(Makara .. . 

..| 273 (0) 

56 

38 

39 

273 (0) 

22 

39 

28 1 

2766 

307 


iKumbha . . 

304(3) 

22 

56 

16 

304 (3) 

0 

10 

31 

3074 

308 , 


(Mina 

. ' 334 (5) 

49 

13 

54 

334 (5) 

19 

41 

34 ' 

3381 

307 


1. Chaitra .... 

‘ M§Bha .. . . 
t {of following 

.. 386(1) 

15 

81 

ui 

365 (1) 

6 

12 

38.60 

3689 1 

808 1 


i 








1 

1 

1 
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TABLE XX.A. 

The length of each true sidereal solar month, from samkranti to samkranti, divided by 30 ; 

SHOWING THE TIME OCCUPIED BY THE SUN IN TRAVELLING ONE DEGREE (l°). 

For use in calculating tropical, or sayana, samkrantis. 

[N.B. — 7 'he exact time is given in the TahUt as this may be joimd useful for other purposes. In 
calculation for tropical samkrantis the seconds may he left out of account as a rule^ fractions above 30 5. 
being counted as one minute ; and decimals may be worked only to four figures.] 


Name of sidereal month. 


I By the Arya Siddhanta. !| 


By the Surya Siddhanta. 


H. M. S. 


In dooiinals 
of a day. 


1 

1. M§sha 

2. V^abha .. . 

3. Mithuna 

4. KarU 

5. Slmha 

6. Kany£ 

7. TuU 

8. V^hika .... 

0. Dhanus 

10. Makara 

11. Kumbha . . . . 

12. Mina 



! 1 0 44 24 

I 

! 1 1 7 15.2 


1 

1 

17 

8.8 

1 

1 

10 

27.2 


0 

39 

40 

i 

> 

0 

21 

55.2 

> 0 

23 

55 

21.0 

0 

23 

36 

24 

0 

23 

28 

49.6 

0 

23 

33 

55.2 

0 

23 

50 

48 

1 

0 

16 

15.4 


I, 

1.03083 1 0 

1.0407037 ' 1 1 

1.053573 1 1 

1.0489250 1 1 

1.0275403 1 0 

1.01522 ' 1 0 

0.9967 ' 0 23 

0.98361 {I 0 23 

. 1 

0.97835138 ' 0 23 

0.9818 
0.9936 
1.0112893518 



3 


44 

53.0 

1.03117 

8 

10.4 

1.04734259 

18 

56.8 

! 1.05482407 

0 

48.8 

1 1.04039814 

48 

53.6 

1.0339537 

21 

11.2 1 

1.01471296 

54 

52.8 

0.0904 

35 

32 

0.98300926 

27 

15.2 

0.971259 


0.981493518 

0.99400925 

1.011782622 


0 23 33 30.4 

0 23 51 22.4 

1 0 16 58.0186 
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TABLE XX.B. 

The ayanamsas, or amount of precession in degrees, being the longitudinal distance of 

THE POINT OF THE VERNAL EQUINOX FROM THE FIRST POINT OF MeSHA AT THE BEGINNING 
OF THE YEAR, ACCORDING TO THE SURYA SiDDHANTA. 

(Adapted from Table XXXV. of Warren’s Kala Sankalita) but with degrees and decimals added 
to facilitate calculation.) 
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TABLE XXL 

Collective duration in days of mean lunar months from the moment of mean new moon 

OF AMENTA CHAITRA ; AND THE SAME FOR MEAN TITHIS. 


Collective duration of mean lunar months at each mean new moon. 


Lunar month. 

D. 

Uh. 

P. 

Vip. 

1 

D. 

H. 

M. 

1 

S. a 

1 

2 


3 


i 

; 4 

1 

1 

1 Chaitra 

0 

0 

0 

0 

0 

0 

0 

0 1 

3 ! b 

2 VaUakh* 

29(1) 

31 

50 

7 

20(1) 

12 

44 

3 JyOshtha 

60(9) 

3 

40 

14 

59(3) 

1 

28 

6 j S 

4 Ashadha 

88(4) 

35 

30 

21 

88 (4) 

14 

12 

0 1 1' 

5 Sravana 

118 (6) 

7 

20 

28 

118 (6) 

2 

56 

11 ! t 

6 Bhadrapada 

147 (0) 

39 

10 

35 

147 (0) 

15 

40 

14 

7 Aiivina 

177 (2) 

11 

0 

42 

177 (2) 

4 

24 

17 'I 

8 K&rttika 

206 (3) 

42 

50 

49 

206(3) 

17 

8 

20 ii 

9 M&rga41rsha 

236 (5) 

14 

40 

56 

236 (5) 

5 

52 

22 ig 

10 Pausha 

265 (6) 

46 

31 

3 

265 (6) 

18 

36 

25 !o“ 

11 Magha 

’ 295 (1) 

18 

21 

10 

295 (1) 

7 

20 

28 ' 5. 

12 Phalguna 

' 324 (2) 

50 

11 

17 

324 (2) 

20 

4 

31 j % 

1 Chaitra 

i 354 (4) 

22 

1 

24 

354 (4) 

8 

48 

3* ! g 

(of foUowitiij year) 

.! 

— 


— 

— 



.0. 


NOTE8. 

(1) 111 practice vipalaa under 30 may 
be ignored, those over 30 counting as one 
pala ; and the same with seconds. 

(ii.) The a (or t, which is the same 
thing in mean tithis) for the end of each 
tithi is the same as in Itid, Col., Table 
VTIL, col. 3, f.e., the a for the end of the 
Ist tithi is 333, for the end of the 2nd 
067. &c. 

(iii.) The length of every mean tithi is 
59 gh. 3p. 40.23 vip., or 23 h. 37 m. 
28.00 H. For working purposes this may 
be taken as 59 gh. 4 p., or 23 h. 37 in. 

(iv.) The figuroB in brackets are the 
week-days, beginning with I ~ Sunday. 


Collective duration from mean new moon of each month to the end of each mean tithi as numbered in 

cols. 5 and 9. 


No. 

D. 

Gh. 

P. 

Vp. 

D. 

H. 

M. 

s. 

a. No. 

D. 

Oh. 

P. 

Vip. 

D. 

H. 

M. 

S. 

5 

6 

7 

8 0 

10 

11 

1 

0 

59 

3 

40 

0 

23 

37 

28 

16 

15(1) 

44 

58 

44 

16(1) 

17 

59 

20 

2 

1 

58 

7 

20 

1 

23 

14 

56 

17 

16(2) 

44 

2 

24 

10(2) 

17 

36 

58 

3 

2 

57 

11 

1 

2 

22 

52 

24 

18 

17 (3) 

43 

6 

4 

17 (3) 

17 

14 

26 

4 

3 

56 

14 

41 

3 

22 

29 

52 

: 19 

18(4) 

42 

0 

44 

18 (4) 

16 

51 

54 

5 

4 

55 

18 

21 

4 

22 

7 

20 

20 

10(6) 

41 

13 

25 

10(6) 

16 

29 

22 

6 

5 

54 

22 

1 

5 

21 

44 

49 

.S 21 1 

20(6) 

40 

17 

5 

20(6) 

16 

0 

50 

7 

6 

53 

25 

42 

6 

21 

22 

17 

i 1 22 

21 (0) 

30 

20 

45 

21(0) 

15 

44 

18 

8 

7 

52 

20 

22 

7 

20 

59 

45 

1 1 23 

22(1) 

38 

24 

25 

22(1) 

15 

21 

46 

9 

8(1) 

51 

33 

2 

8(1) 

20 

37 

13 

1 8 • 3^ 

23(2) 

37 

28 

6 

23(2) 

14 

50 

14 

10 

0(2) 

50 

36 

42 

0(2) 

20 

14 

41 

1 i I, 25 

24(3) 

36 

31 

46 

24(3) 

14 

36 

42 

a 

10 (3) 

40 

40 

23 

10 (3) 

19 

52 

9 

1 26 

26(4) 

35 

35 

26 

26(4) 

14 

14 

10 

12 

11 (4) 

48 

44 

3 

11 (4) 

19 

29 

87 

1 r 27 

26(6) 

34 

39 

6 

26(6) 

13 

51 

39 

13 

12 (5) 

47 

47 

43 

12 (5) 

10 

7 

5 

1 28 

27(6) 

33 

42 

46 

27(6) 

13 

29 

7 

14 

13 (6) 

46 

51 

23 

13 (6) 

18 

44 

33 

! : 20 

28(0) 

32 

46 

27 

28(0) 

13 

6 

35 

15 

14(0) 

45 

55 

3 

14 (0) 

18 

22 

1 

1 r 

20(1) 

31 

50 

7 

20(1) 

12 

44 

3 


(See Note iL) 
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TABLE XXII. 

Correspondence of the Signs and the Nakshatras. 


SIGNS 

1' 

i. 




nakshatras. 




1 ' 


! Equal-ipace 

1 System. 

System of 
Garaa. 

1 BrAhma 

Siddhanta System. 

Name. 


Name. 

1 


J 





Be- 1 
gins ; 
at ; 


Begins 

at 

Am'nt 
in sign. 

li Begins 

et 

Am’nt 
in sign. 

Name. 

Begins at 

Amount 
in sign. 

MSflha . . . . 

1 

' 0* 1 1 

AAvinT 

0* 0' 

|l3* 20' 

0* 0' 

1.3® 20' 

1 A4vinl 

0® 0' 0' 

13® 10' 35" 


! 2 

BharanI 

13* 20' 

13® 20' 

13* 20' 

6® 40' 

2 BharanI 

13* 10' 36' 

6® 35' 17" 


i * 

Krittik& 

26* 40' 

8* 20' 

20* 0' 

10* 0' 

3 Krittilci 

19® 45' 52-^ 

10* 14' 8' 

Vrishabha 

' 30* ' 3 

1 Krittiki 


'lO* 0' 


3* 20' 

3 Krittika 


2* 66' 27' 


1 i: 4 

ROhinI 

40* 0' 

|18* 20' 

33* 20' 

20* 0' 

4 ROhinI 

32® 56' 2r 

19® 45' 53" 


!’ 5 

Mrig^irae 

68* 20' 

6* 40' 

63* 20' 

6* 40' 

6 Mrigai^iras . .. 

62* 42' 20' 

7® 17' 40" 

Mithuna .. 

60* i' 6 

Mriga^iras 


6* 40' 


6® 40' 

5 MrigaiUras • .. 


6" 62' 66' 


i « 

A^ra 

66“ 40' 

13* 20' 

66® 40' 

6* 40' 

6 Ardra 

66* 62' 66' 

6® 35' 17" 


li ’ 

Punaryasu 

80“ 0' 

10* 0' 



73* 20' 

16“ 40' 

7 Punarvasu . .. 

72® 28' 12'' 

17® 31' 48" 

Karka . . . 

90° ! 7 

Punarvaau 


3* 20' 


3* 80' 

7 Punaryasu . .. 


2® 14' 5" 


i 8 

f ushya 

0.^® 20' 

13* 20' 

9.7* 20' 

13® 20' 

8 Piishya 

02® 14' 6" 

18* 10' 36' 


1 1 9 

A4l6sha 

106® 40' 

13* 20' 

106* 40' 

6* 40' 

9 A4l6sha 

105- 24' 40" 

6* 36' 17' 


1 10 

Magh& 




113® 20' 

6® 40' 

10 Magha 

111* 69' 67' 

8® 0' 3" 

Simha .... 

120® i 10 

^TagbS- 

120® 0' 

13® 20' 


6® 40' 

10 Magha . . . . . . 


5® 10' 32" 


' l! 11 

P. PhalgunI 

133* 20' 

13* 20' 

126* iw' 

18* 20' 

11 P. Phalgunl .. 

125® 10' 32" 

13® 10' 35* 


! 

U. PhalgunI .... 

146* 40' 

3* 20' ||140* 0' 

10* 0' 

12 U. Phalgunl.. 1 

138* 21' 7' 

11® 38' 53" 

Kan ya ... 

160* 12 

U. Phalgunl .... 

1 

10* 0' 


10* 0' 

12 U. Phelgunl ..1 


8® 7' 0" 


!l 13 

Haata 

160* 0' 1 

13® 20' 

160* 0' 

13* 20' 

13 Haeta 

168* 7' 0' 

13® 10' 35" 

j 


Chitra 

173* 20' 1 

6* 40' , 

173* 20' 

6* 40' 

14 Chitr& 

171* 17' 86' 

8® 42' 25" 

1 

Tula 

180* \\ 14 

Ghitra ' 

186* 40' 1 

6* 40' ! 


6* 40' 

14 Chitra 


4® 28' 10" 

1 

j: 16 

Srati ; 


13* 20' ; 

186* 40' 

6* 40' ' 

15 Svati 

184* 28' lb' 

6® 35' 17" 


:i6 

Vi&akha !: 

200* 0' 

10* 0' 

193® 20' 

16" 40' 1 

16 Vi^ha 

101* 3' 27' 

18® 56' 33" 

VrilKihika 

210® 1 16 


3® 20' 


3® 20' 

16 VUakha 


0® 49' 20" 

j 

i 

Anuradha 

218* 20' 

18* 20' 

213® SO' 

13® 20' 

17 Anuridha . .. 

210* 49' 20' 

13® 10' 35" 

i 

' 18 

Jv€«htha : 

226* 40' 

13* 20' 

226® 40' 

6® 40' 

18 Jydshtha .... 

228* 69' 66' 

6® 35' 17" 

1 

1 

i 19 

MOU ‘ ! 

1 



233® 20' 

6® 40' 

19 MCla ' 

230* 36' 12' 

9® 24' 48" 

Dbanua . . ^ 

240* ' 19 

MOU { 

240® 0' 

13® 20' 


6* 40' 

19 HOla 


3® 45' 47" 

1 

1' 20 

P. Aehidhi .. 

263® 20' 

13* 20' 

246® 40' 

13* 20' i 

20 P. Aahtdhi .. 

243* 46' 47' 

13® 10' 35" 

i 

1 21 

U. Aidiidhi .. ..j 

266® 40' 

3® 20' 

260* 0' 

10* 0' i 

21 U. Aahidha .. 

266* 66' 22' 

13® 3' 38" 




Makwa . . 270* 21 U. Aihi^hi 10* O' 

. {8u NoU 1 ) 

22 Srav*n» 280* 0' 13* 20' 

23 DbMiiahthi .... 203* 20' 0* 40' 


Kumbh* .300* 23 Dlwnkhthi 6*40' 6*40' 23 Dhuiithtlti 7* 17' 40' 

24 ^ataUralii .. ..1306* 40' 13* 20' 306* 4u' 6* 40' 24 SfttatirakS . ..307* 17' 40' 6* 36' 17' 

26 P. Bhadrapwli .1320* 0' 10* O' 313* 80' IS* 20' 26 P. Bh«di»l»diS18* 62' 67' 13* 10' 36' 

26 U. BhardnpMli 326* 40' 3* 80' 26 U.BluMlnpa(U327* 3' 82' 2* 66' 26' 


P. BlMdMpaiU . .. . 
U. Bluukapadi .{338 
ROratl 1346 


8* 80' 

18* 20' I |16* 40' 

18* 20' 846* 40' 18* 20' 


26 U.BIuuImpmU 16* 49' 86 

27 Beratl 846* 49' 26' 13* 10' 86 


* The equal-ipaoe ayatem and that of Gaxga have no nakahatra Abhijit. But Dr. Fleet tella me that aome a lm a n aoa which 
follow the equal.epacc syatcm show Abhijit, ao for aa it 6gurea in the oourae of the aun, aa a aeeondaiy or parenthetical detail, 
orerlapping Uie end of Uttari AahidhS and the beginning of firava^ It begina at 276* 43' and enda at 280* 68'. 
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TABLE XXIII. 

For DETERMINAnON OF NAKSHATRAS AND YOGAS. 

(See Text above, Art, 112, < 5 'c., " NakshcUras, yogas attd karanas,") 


Arg. c. 


DiO. 

Ajrg. c. 


Biff. 

Arg. 6. 

j »• 

Biff. 

Arg. e. 

1 

1 s, 

1 

Biff. 

Arg. c. 

#• 

Biff. 

0 

10 

. 7147 

7260 

103 

200 

9204 

101 

400 

1182 

97 

j 600 

8111 

1 

97 

j 800 

5089 

101 

104 

210 

9306 


: 410 

1279 

1 

610 

1 3208 

'1 810 

6190 

20 

7364 



101 


1 

97 ! 

, 

1 

97 

'1 i 

102 

104 

220 

9406 

101 1 

420 

' 1376 

1 

97 1 

620 

3306 

97 

1 

6292 

30 

7468 

102 

104 

230 

9507 

100 

430 

1 1473 

Oii 

1 630 

i 

3402 

98 

830 

6394 

40 

7562 

101 

104 

240 

9607 


440 

1 1660 


640 

3600 


1 , 840 

5496 

60 

7666 



100 



97 

1 


98 



103 

103 

260 

9707 

100 1 

1 450 

1 

; 1666 

96 ; 

! 600 

3698 

97 

< 860 

6608 

102 

60 


7760 


j 260 

9807 

1 

! 460 

1762 

1 

1 660 

1 3695 


, 860 

6700 


70 

7873 

104 



100 ' 

1 


96 I 

1 


99 

[■ 


102 

103 

1 270 

9907 

99 

i 470 

1868 

96 

1 670 

i 

3794 

1 

98 ' 

870 

6802 

103 

80 

7976 

103 

; 280 

i 

6 

99 

480 

1964 

90 ' 

680 

3892 

1 

98 I 

i 880 

1 

6905 

103 

00 

8070 

103 

! 290 

106 

99 

490 j 

2050 

97 ! 

1 

3990 

99 

890 

ij 

6008 

103 



100 

no 

8182 

103 

300 

1 

204 

1 

99 

1 500 

1 1 

2147 

96 

' 700 

4089 

99 1 

900 

6111 

103 

8286 

103 

310 

303 

98 

1 610 

2243 

1 

96 J 

710 

j 

4188 

99 ; 

910 

6214 

103 

120 

- 8388 

103 

i 320 

401 

1 

99 

620 

2339 

96 

720 

4287 

1 

100 ' 

' 920 

6317 

104 

130 

8401 

102 

! 330 

500 

1 

98 

630 

2436 

96 

730 

4387 

I 

99 1 

* 930 

1 

6421 

103 

140 

8503 

103 

340 

598 

98 1 

640 

2631 

97 

740 

4486 

1 

100 

1 940 

6524 

104 


160 

160 

8606 

102 

350 

i 

696 

97 

660 

2628 

90 ! 

760 

4586 

100 

j 950 

6628 

103 

8708 

102 

360 

793 

98 

560 

2724 

97 

760 

i 

4686 

101 

1 960 

6731 

104 

170 

8000 

101 

370 

891 

97 

670 

2821 

1 

96 

770 

4787 

1 

100 

970 

6836 

104 


180 

0001 

102 

380 

988 

97 

680 

2917 

97 ; 

780 

4887 

101 

1 980 

6939 

104 

100 

0103 

101 

390 

1085 

97 

590 

3014 

97 1 

790 1 

4988 

101 

990 

7043 

104 

200 

0204 


400 

1182 


600 

3111 


800 j 

5089 


1000 

7147 



AUXILIARY TABLE. 

Last figure of Argument c. 

'i~ 2 ~n~i ~4 ~ro~T «t'7 I 

Add 



[This is Dr. Schram's Table for siim>Iifying 
calculations of nakshatras and yOgas. From it, 
n being the nakshatra-index, y the yoga-index, 
s the apparent longitude of the sun, n and y 
are found from the formulae m — / + s, and 
y = s n (or = / -f 2 s). ,<! is foimd at once 

from Argument c by the Table and Auxiliary 
Table. See example in Ind. Cal„ pp. 81-97, 
where c = 439 and t = 1463. By this Table, 
for c = 439 we have 5 = 1473 (for Argument 
430) -f difference 96 between it and 440. With 
the Auxiliary Table "difference of s" go and last 
figure of Argument c, 9, we have to add 86. 
1473 + 86 *= 1559. M = / -t- s = 1463 + 1559 
=» 3022, as in the example, y = / 2 s = 

1463 + 3118 = 4581.] 
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Conversion of ghatikas and palas into hours and minutes, and vice versa, 

IN MEAN time. 


Palas 

ghatikis. 

M. 

H. 

a ! 

M. 

Palas 

ghatik&B. 

M. 

H. 

8. 

M. 

Hours. 

Oh. 

P. 

Minutes. 

Seconds. 

Oh. 

p. 

p. 

V. 

1 

V. 1 

Pra. 

Minutes. 

Seconds. 

1 

Gh. 

P. 

P. 

V. 

V. 

Pra. 

1 


24 

31 

12 

24 

1 

2 

30 

1 


2 

30 

31 

1 

17 

30 

2 


48 

32 

12 

48 

2 

5 

0 

2 


5 

0 

32 

1 

20 

0 

3 

1 

12 

33 

13 

12 

3 

7 

30 

3 


7 

30 

33 

1 

22 

30 

4 

1 

36 

34 

13 

36 

* 

10 

0 

4 


10 

0 

34 

1 

25 

0 

5 

2 

0 

35 

14 

0 

5 

12 

30 

5 


12 

30 

35 


27 

30 

G 

2 

24 

30 

14 

24 

6 

15 

0 

6 


15 

0 

36 


30 

0 

7 

2 

48 

37 

14 

48 

7 

17 

30 

7 


17 

30 

37 

1 

32 

30 

8 

3 

12 

38 

15 

12 

8 

20 

0 

8 


20 

0 

38 

1 

35 

0 

9 

3 

36 

39 

15 

36 

0 

22 

30 

9 


22 

30 

39 

1 

37 

30 

10 

4 

0 

40 

16 

0 

10 

25 

0 

10 


25 

0 

40 

1 

40 

0 

11 

4 

24 

41 

16 

24 

11 

27 

30 

11 


27 

30 

41 

1 

42 

30 

12 

4 

48 

42 

16 

48 

12 

30 

0 

12 


30 

0 

42 


45 

0 

13 

6 

12 

43 

17 

12 

13 

32 

30 

13 


32 

30 

43 

1 

47 

30 

14 

5 

36 

44 

17 

36 

14 

35 

0 

14 


35 

0 

44 

1 

50 

0 

15 

0 

0 

45 

18 

0 

15 

37 

30 

15 


37 

30 

45 

1 

52 

30 

16 

6 

24 

46 

18 

24 

16 

40 

0 

16 


40 

0 

46 

1 

55 

0 

17 

6 

48 

47 

18 

48 

17 

42 

30 

17 


42 

30 

47 

1 

57 

30 

18 

7 

12 

48 

19 

12 

18 

45 

0 

18 


45 

0 

48 

2 

0 

0 

10 

7 

36 

49 

19 

36 

10 

47 

30 

10 


47 

30 

49 

2 

2 

30 

20 

8 

0 

50 

20 

0 

20 

50 

0 

20 


50 

0 

50 

2 

5 

0 

21 

8 

24 

51 

20 

24 

21 

52 

30 

21 


52 

30 

51 

2 

7 

30 

22 

8 

48 

52 

20 

48 

22 

55 

0 

22 


55 

0 

52 

2 

10 

0 

23 

0 

12 

53 

21 

12 

23 

57 

30 

23 


57 

30 

53 

2 

12 

30 

24 

0 

30 

54 

21 

36 

24 

60 

0 

24 

1 

0 

0 

54 

2 

15 

0 

25 

10 

0 

55 

22 

0 ‘ 




25 

i 

2 

30 

55 

2 

17 

30 

26 

10 

24 

56 

22 

24 




•26 

1 

5 

0 

66 

2 

20 

0 

27 

10 

48 

57 

22 

48 

1 



27 

1 

7 

30 

57 

2 

22 

30 

28 

11 

12 

58 

23 

12 

1 



: 28 

1 

10 

0 

58 

2 

25 

0 

20 

11 

36 

50 

23 

36 

1 

i 



29 

1 

12 

30 

59 

2 

27 

30 

30 

12 

0 

60 

24 

0 

1 



30 

1 

1 

15 

0 

60 

1 

2 

30 

0 
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{N.B. — Table XXVI. has been renumbered and transferred to the end of the volume as Nos. XLI.A and XLI.B.) 

TABLE XXVII. 

THE SIXTY-SAl&VATSARA CYCLE OF JUPITER. 

Mean-sign system by the Supya SIddhanta without the blja. 

For all India up to A.D. 906, and for North India alone from and inclusive of that date. 


Year 
of the 
Kaliyuga 
expired. 

Christian 

year. 

Number of days 
by which 

1, Prabhava 
began after 
apparent MSsha 
samkrAnti. 

Expunged 

sanivatsara. 

1 

2 

3 

4 

( 0 ) 

B.C. 

(3102-1) 


27 Vijaya. 

33 

3000-8 

223.5403 



a’d. 



3117 

16-17 

1(13.9040 


(3156) 

(55-56) 


40 Parabhava. 

317« 

75-0 

280.2415 


3230 

135-6 

26.3194 


(324'i) 

(14V 142) 


7 ^rlmukha. 

3205 

194-5 

137.«3(t0 


(3327) 1 

(S26-327) 


33 Vikirin. 

3354 

253 4 

248.9020 


{U12) 

(311-312) 


59 KrOdhana. 

3413 i 

312 3 j 

300. .‘1293 


3473 

372 3 1 

100.4071 


{3498) \ 

(397-8) 1 


26 Nandana. , 

3532 1 

431-2 

217.74.38 1 

1 

{3683) I 

(482-3) 1 

1 

1 52 Kalayukta. 1 

3501 

490-1 i 

320.0804 


3651 1 

550-1 

75.1583 


(3668) 1 

(507-8) 


18 Tarana. 

3710 1 

600-10 

186.4949 


(3r64) 1 

0663-4) 


45 Vii^kihakrit. j 

3769 1 

668-9 ! 

297.8315 

Ij 

3820 

728-9 1 

43.9094 , 

j| 

(3839) 

(738-9) 

1 

1 1 bvara. j 

3888 

787-8 1 

1.03,2400 1 


(3984) 

(823-4) ' , 

1 

37 l!il5bhapa. ^ 

3947 

846-7 

208.5827 ! 

;l 

4007 

906-7* 

12.000.0 I 


(4009) 

4006 

(908-9) 1 

965-6 1 

123.9072 

3 ftukla. ;| 

I 

(4096) 

(994-6) ' . 

1 

30 Durmukha. ' 

4125 

1024-5 1 

235.3338 j 

:! 

(4180) 

(1079-80) . 

1 

56 Dundubbi. 1 

4184 

1083-4 1 

346.6704 


4244 i 

114.3-4 1 

92.7483 


(4266) 

(1164-6) !. 


22 Sarvatlhirin. i 

4303 

1202-3 1 

204.0840 

1 


,1 


Year 
of the 
Kaliyuga 
expired. 

Christian 

year. 

Number of days 
by which 

1* Prabhava 
began after 
apparent MGsha 
samkrantL 

Expunged 

sanivatsara. 

1 

2 

3 

4 

(4361) 

(1260-1) 


40 Rftkshasa. 

4302 

1201-2 

315.4215 


4422 

1321-2 

61.4094 


(4436) 

(1336-6) 


15 Vrisha. 

4481 

1880-1 

172.8.300 


(4621) 

(1420-1) 



41 Plavanga. 

4540 

1 

1439-40 

284.1727 


[After I 

thk date. Ta 

bite XXV IIL and 

XXVIILA 

1 

are ord 

inarily to he 


4600 

1499-500® 

30.2506 


(4607) 

(1606-7) 


8 Bhava. 

4659 

1558 9 

141.5872 


(4692) 

(169 V2) 


34 Sarvarin. 

4718 

1617-8 

252.9238 | 


(4777) ' 

(1676- 7) 


00 Kshaya. 

4777 

1 

1676 7 

304.2604 



(') In South India the expunetion of naihvat»aras 
was neglected from» and including* the cycle beginning 
in A.D. {iK)0. 

(®) About A.D. 1500 the blja was generally intro- 
duced* and the beginning moments of the cycles were 
recalculated from the epoch of the Kaliyuga. Tables 
XXVTIl, and XX VIII. A should, therefore* as a rule* 
be used after this date. But since the blja was not 
introduced all over India at the same time* I have 
considered it advisable for the information of epi- 
graphists to continue the calculations by the S&rya 
SiddhEnta without the blja* for three cycles. 

N.B. — To obtain a final result in accordance with 
Dr. Schram’s altered valuation of the 45dhya* deduct 
2 m. 35 s. from the final result obtained by use of this 
Table ; or deduct 0.00170 d. from the result of the first 
operation in decimals of a day. (TtxU § 30 C.) 
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TABLE XXVII.A. 

THE SIXTY-SAMVATSARA CYCLE OF JUPITER, 

Mean-sign system by the Supya Siddhanta without the bija. 

number of days and decimals, less than the day given in Table XXVII., by which each 
saihvatsara begins after apparent MSsha samkrSnti. 


No. 

Samyatsara. 

Number of daya , 

No. 

1 

2 

8 

1 

1 

Prabhaya 

0.0000 

31 

2 

Vibbaya 

4.2320 

32 

3 

Snkla 

8.4641 

38 

4 

PramOda 

12.6061 

84 

5 

PraJ&paii 

16.0281 

85 

6 

Angiraa 

21.1602 

86 

7 

fiilmukba 

26.Sd22 

37 

8 

Bbaya 

20.6242 

38 

0 

Yuyan 

33.8003 1 

30 

10 

Dhitri 

1 38.0883 

40 

11 

j lAyara | 

42.3204 i 

41 

12 

1 Babudb&nya 

! 46.0024 i 

42 

1.1 

PramAtbin 

50.7844 

43 

14 

Vikrama 

00.0100 

44 

15 

Vriiha 

50.2485 

45 

16 

Cbitrabhanu ^ 

] 

63.4805 

1 

46 

17 

Subh&nu 

67.7120 

47 

18 

Tirana i. .. 

1 71.0446 

1 

i 

10 

1 Partbiya 

76.1760 

! 40 

20 

Vyaya 

80.4087 

i 80 

21 

Saryajit 

> 84.6407 

! 01 

1 

22 

Saryadh&rin 

88.8727 

! 52 

23 

Virfklbin 

03.1048 

1 53 

24 

Vikrita 

07.3868 

54 

25 

Kbara 

101.5680 

; 55 

26 

Nandana 

105.8000 

I 56 

27 

Vljaya 

110.0320 

' 67 

28 

Jaya 

114.2650 

58 

20 

Manmatha 

118.4070 

50 

80 

Durmukha 

122.7200 

60 

1 


Samvataara. 

2 


Himalamba 

Vilamba 

Vikfain 

fi&nrarin 

Plara 

Subhakrit 

tebhana 

Kr6dhin 

ViAv&Taau 

Parabhava 

Playanga 

Krlaka 

Saumya 

SadbArana 

VWdhakrit 

Paridh&vin 

PramSdin 

I Ananda 

R&kihasa 

Anala 

Pihgala 

Kftla3rukta 

Siddharthin 

Raudra 

Durmati 

Dundubhi 

Rudhir6dg£rin 

Raktikaha 

Kr6dhana 

Kflhaya 

Prabhava (0/ next eyde) 


Number of daya. 

3 ^ _ 

126.0611 

131.1031 

186.4251 

180.6572 

143.8802 

148.1212 

162.3533 

156.5853 

160.8173 

105.0404 

160.2814 

173.5135 

177.7455 

181.0775 

180.2006 

100.4416 

104.6736 

108.0057 

203.1377 

207.3607 

211.0018 

216.8338 

220.0658 

224.2070 

228.5200 

232.7610 

236.0040 

241.2260 

245.4581 

240.6001 

253.0221 
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TABLE XXVIII. 


' THE SIXTY-SAMVATSARA CYCLE OF JUPITER. 

Mean-sign system by the Surya Siddhanta with the b^a. 


Year of the 

(expired). 

Christian 

year. 

Number of days 
by which 

1, Prabhava 
began alter 
apparent Mfisha 
samkranti. 

Expunged 

samvatsaras. 

1 

2 


4 

4540 

1430-40 

320.6033 


4000 

1499-500 

07.1569 


(4615) 

(ISU-S) 


16 Chitrabhanu. 

4059 

1668-9 

178.9694 


(4701) 

(jodo-j) 


43 Saumya. 

4718 

1017-8 

290.7818 


4778 

1077-8 

37.3355 


(47S6) 

(1686-6) 


9 Yuvan, 

4837 

1736-7 

149.1479 



(1771-2) 


30 fiubhakrit. 

4890 I 

1795-0 

260.9603 


4956 1 

1855-6 

7.5140 


(4957) 

(1856-7) 


2 Vibhava. 

5015 

1914-5 

119.3264 


(6045) 1 

(1942-3) 


29 Manmatha. 

5074 

1 

1973-4 

2.31.1389 


(sm) 1 

(2027-8) 


55 Durmati. 

6133 

i 

2032-3 

342.0613 


To obtain a final result in accordance with Dr. Sohram’s altered 

valuation of the ^hva 

. deduct 2 m. 35 a from the final result I 

obtained b 

iv use of this Table; or deduct 0.00179 d. from the 

result of t 

he first operation in dedmals of a day. (Text, | 39 c.) 
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TABLE XXVIILA. 

The sixty-samvatsara cycle of Jupiter. 

Mean-sign system by the SOpya Siddhanta with the bTJa. 

The number of days and decimals less than the day given in Table XXVIII. by which each 
saihvatsara begins after apparent Mesha samkr3nti. 


No. 

Samvatsara. 

: Number of days. 

1 

2 

3 

1 

Prabhava 

0.0000 

2 

Vibhava 

4.2241 

3 

gukla 

8.4482 

4 

Pram5da 

12.6723 

5 

Frajapati 

16.8064 

6 

Angirafi 

21.1205 

7 

^rTmiilrVin. 

25.3440 

8 

Bhava 

20.5687 

9 

Yu van 

33.7028 

10 

Dhatri 

38.0160 

11 

i^vara 

42.2411 

12 

Bahudhanya 

46.4652 

13 

Pramathin 

50.6803 

14 

Vikrama 

54.0134 

15 

Vrisha 

59.1375 

16 

ChitrabhSnu 

63.3610 

17 

Subhanu 

67.5857 

18 

Tarawa 

71.8098 

10 

Parthiva 

70.0330 

1 

20 

Vyaya 

80.2580 

21 

Sarvajit 

84.4821 1 

22 

Sarvadharin 

88.7062 ! 

23 

Vir6dhin 

02.0303 

24 

Vikrita 

07.1544 

25 

Khara 

101.3785 1 

20 

Nandana 

105.6026 1 

27 

Vijaya 

109.8267 i 

28 

Jay a 

114.0508 1 

29 

Manmatha 

118.2750 1 

30 

Dunnukha 

122.4991 j 


No. 

1 Saihratsara. 

Number of days. 

1 

2 

1 3 

31 

H5malamba 

126.7232 

32 

Vilamba 

130.9473 

33 

Vikarin 

135.1714 

34 

^iarvarin 

139.3955 

35 

Plava 

143.6196 

36 

dubhakrit 

147.8437 

37 

dObhana 

152.0678 

38 

Kr5dhin 

156.2010 

30 

Vi^vavaau 

lfM).6160 

40 

Parabbava 

1(4.7401 

41 

Plavahga 

1(^8.0642 

42 

Kllaka 

173.1883 

43 

Saumya 

177.4124 

44 

Sadharaua 

ISl.OSOJt 

45 

VirOdhakrit 

185.8606 

46 

Paridhavin 

190.0847 

47 

Pramadiu 

104.3088 

48 

Auanda 

108.5330 

40 

Rakahasa 

202.7571 

50 

Anala 

206.9812 

51 

Pingala 

211.2053 

52 

Kalayukta 

215.4294 

53 

Slddharthin 

210.6535 

54 

Raudra 

223.8770 

55 

Durmati 

228.1017 

56 

Dundubhi 

232.3258 

57 

RudhirOdg&rin 

236.5499 

58 

Raktftksba 

240.7740 

50 

KrOdhana 

244.9981 

60 

Kshaya 

249.2222 

1 

Prabhava 

{of next cycle) 

253.4463 


1 
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TABLE XXIX. 

The SIXTY-SAlkVATSARA CYCLE OF JUPITEK. 

Mean-sign system by the Arya Siddhanta. 


Year 

of the 
Kaliyiiga 
(expired). 

Christian 

year. 

Number of days 
by which 

1 Prabhava 
began after 
apparent 

M5sha samkranti. 

Expunged 

samvatsara. 

Year 

of the 
Kaliyuga 
(expired). 

Christian 

year. 

Number of days 
by which 

1 Prabhava 
began after 
apparent 
Mfisha samkr&nti. 

Expunged 

samvatsara. 

1 

2 

3 

4 

1 

2 

3 

4 


B.C. 



4060 

965-6 

107.6625 


(0) 

(3102-1) 


27 Vijaya 

(4091) 

(990-91) 


26 Nandana. 

33 

3069-8 

223.3823 


4125 

1024-5 

218.7612 


• 

: 



(4176) 

(1075-76) 


52 KSlayukta. 


A.D. 



4184 

1083-4 

329-8JS09 


S117 

16-17 

156.3765 


4244 

1143-4 

75.0909 


{nm) 

(52-53) 


37 ^bhana. 

(4261) 

(1060-61) 


18 Tara^. 

3176 

75~6 

267.4752 


4303 

1202-3 

186.7986 


3236 

135* 6 

15. 51.52 


(4347) 

(1246-47) 


45 VirOdhakrit 

{3239) 

(133-39) 


4 PramOda. 

4362 

1261-2 

297.8074 


3205 

m-5 

124.4tS0 


4422 

1321-2 

43.7374 


(3324) 

(223-24) 


30 Durmukha. 

(4432) 

(1331-32) i 


11 l4vara. 

3354 

253-4 1 

235.5126 


4481 

1380-1 

154.8361 


(3409) 

(308-09) 


56 Dundubhi. 

(4517) 

(1416-17) 


37 ^bhana. 

3413 

312-3 

346.0113 


4640 

1439-40 

265.9348 


3473 

372-3 

92.4514 


4600 

1499-1500 

11.7748 


(3494) 

(393-94) 


22 Sarvadharin. 

(4602) 

(1501-02) 


3 6ukU. 

3532 

431-2 1 

203.5501 


4659 

1558-9 

122.8736 


(33B0) 

(479-80) ! 


^ 49 Rftkshasa. 

(4688) 

(1587-88) 


30 Durmukha. 

3601 j 

490-1 

314.6488 


4718 

1617-8 

233.9723 


3651 1 

550-1 

60.4888 


(4773) 

(1672-73) 


56 Dundubhi. 

(3065) 

(564-66) 


15 Vrisha. 

4777 

1676-7 

345.0710 


3710 

609-10 

171.5875 


4837 

1736-7 

90.9110 


(3760) 

(049-50) , 


41 Plavanga. 

(4858) 

(1757-58) 


22 Sarvadharin. 

3769 

668-9 

282.6863 


4896 

1795-6 

202.0097 


3829 

728-9 

28.5263 


(4943) 

(1842-43) 


48 Ananda. 

(3835) 

(734-35) ' 


7 t^rlmukha. 

4955 

1854-5 

313.1084 


3888 

787-8 j 

139.6260 


5015 

1914-5 

58.9485 


(3920) 

(819-20) 1 


33 Vikirin. 

(5028) 

(1927-28) 


14 Vikrama. 

3947 

846-7 1 

250.7237 


5074 

1973-4 

170.0472 


(4006) 

(906-06) j 


60 Kshaya. 

{5114) 

(2013-14) 


41 Plavanga. 

4006 

006-6 i 

361-8224 


5133 

2032-3 

281-1459 



To obtain a final result in accordance with Dr. Schram’s altered valuation of the 45dhya, deduct 1 m. 4 s. from the 
final result obtained by use of this Table ; or deduct 0.000738 d. from the result of the first operation in decimals of a day. 
(Test, I 139, A'ofe.) 





INDIAN CHRONOGRAPHY, 


147 


TABLE XXIX.A. 

The sixty-samvatsara Cycle of Jupiter. 

Mean-sign syslent by the Arya Siddhanta. 


The number of days and decimals less than the day given in Table XXIX. by which each 
samvatsara begins after apparent Mesha samkranti. 


No. 

Samvatsara. 

Number of daya 

No. 

Samvatsara. 

Number of days. 

1 

2 

3 

1 

2 

3 

1 

Prabhava 

0.0000 

31 

H6malamba 

127.0880 

2 

Vlbhava 

4 . 2360 

32 

Vilamba 

131.3160 

3 

^ukla 

8.4720 

33 

Vikarin 

135.5520 

4 

PramAcliii , * . ^ , 

12.7080 

34 

^arvarin 

139.7880 

5 

Praj£pati , . . . . . . . . . 

16.9440 

35 

Plava 

144.0240 

0 

Angit*ii.<i - 

21.1800 

36 

^ubhakrit 

148.2600 

7 

f^rTmiilcba . . , . ^ , 

25.4160 

37 

^Obhana 

152.4960 

8 

Bhava , 

29.6520 

38 

KrOdhin 

1.56.7320 

9 

Y 11 van , , , , , . 

33.8880 

39 

Vi4vSvasu 

160.9680 

10 

Dh&tri 

38.1240 

40 

Par&bbava 

165.2040 

11 


42.3600 

41 

Plavanga 

169.4400 

12 


46.5060 

42 

Kllaka 

173.6760 

13 

Pramathii> - ■ - - . - 1 - . . * . . 

50.8320 

43 

Saumya 

177.9120 

14 

Vikrama 

55.0080 

44 

S£dhftvana 

182.1480 

15 

Vrlsha 

50.3040 

45 

VirOdhakrit 

186.3840 

1 

16 1 

Chitrabhami 

63.5400 

1 46 

Paridh&vin 

190.6200 

17 

Subhanu 

67,7760 

1 47 

Pramadin ' 

194.8560 

18 

Tarawa 

! 72.0120 

< 

; Ananda 

199.0920 

10 

Parthiva 

76.2480 

49 

, llakshasa 

203.3280 

20 

Vyaya 

80.4840 

j 50 

■ Anala 

207.5640 

21 

Sarvajit 

' 84.7200 

51 

Pingala 

211.8000 

22 

Sarvadbftrifi 1 ......... 

88.9560 

52 

1 Kalayukta 

216.0360 

23 

VirOflbin 

93 . 1920 

53 

Siddh&rthin 

220.2720 

24 

Vikrita • 

97.4280 

54 

j Raudra 

224.5080 

25 

Khara 

101.6640 

v-x 1 

55 

Durmati 

228.7440 

26 

'N'an<4ana 

105.0000 

! 

56 i 

Dundubhi 

232.9800 

27 

Yiiilva. 

110.1360 

! 57 

RudhirOdgarin ^ 

237.2160 

28 


114.3720 

! 58 


241.4520 

29 

^ , , ^ 

M’fl.nmaflia 

118.6080 

59 

Rakt&ksha j 

KrOdhana 

245.6880 

80 j 

J)iii*mtikha 

122.8440 

60 

ICshaya I 

249.9240 


1 

1 

Prabhava 

254.1600 


1 

i 

' 

( 0 / cycle) 
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TABLE XXX. 

The sixty-samvatsara cycle of Jupiter. 

Mean^sign system by the Original Surya Siddhanta. 

This Table is prepared for mean Mesha samkranti, and in this respect differs from the others. 




Number of dayn 



, 

1 Number of days 

Year 


1 by which 

1 

Year 

1 

j by which 

of the 

Christian 

No. 1 Prabhava 

1 Expunged 1 

of the 

Christian 

1 No. 1 Prabhava Expunged 

Kaliyuga 

year. 

began after 

samvatBara. | 

Kaliyuga 

year. 

began after samvatsara. 

(expired). 


mean 

! 

(expired). 


MEAN 

1 


! Meeha Bamkranti. 

|, 


1 

MOfiha samkraiiti. 

1 

2 

3 

‘ 4 i 

1 

1 2 

3 ^ 




r 

K.Y. 

A.D. 

1 

K.Y. 

B.C. 


[ ! 

i 1 

4060 

065-00 

121.8265 

(0) 

{3202-1) 


27 Vi jay a. 

(4094) 

(993-94) 


33 

3069-8 

221.36955 


4125 

1024-25 

233.1631 

, 

: 

• 


(4180) 

(1079-80) j 


* 

A.D. 

• 

1 

4184 

1083-84 j 

344.4997 

3117 

16-17 

100.7342 


4244 

1143-44 1 

90.5776 

(me) 

{55 56) 


40 Parahhava. , 

(4266) 

(1164-65) ; 


3176 

75 76 

278.0708 


4.103 

1202-03 1 

201.0142 { 

3236 

135-36 

24.1487 


(4350) 

(1249-50) I 


{3241) 

{140-41) 


0> ArigiraR. 

4362 

1261-02 ! 

313.2508 

3295 ! 

194-95 

135.4853 


4422 

1321-22 j 

50.3287 1 

(3327) 

(226-27) 


33 Vikarin. 

(4436) 

(1335-36) i 

1 16 Vrisha. 

3354 

253 54 

246.8219 


4481 

1380-81 

170.6664 

(3412) 

(311- 12) 


50 KrOdhana. 

(4621) 

(1420-21) ; 


3413 

312 13 

358-1586 


4540 

1439-40 i 

282.0020 

3473 

372-73 

104.23<14 


4600 

1 

1499-500 , 

28.0799 

{3497) ; 

(396-07) 


25 Khara. j 

(4606) : 

(1605-06) j 


3532 

431-32 

2ls.n731 

; 

4659 

1558-59 1 

130.4105 

{sm) 

{482 83) 


52 Kalayukta. 

(4692) 

(1691-92) ' 


3591 

490-91 

326.9097 

1 

4718 

1617-18 

250.7531 

3651 

550-51 

72,9876 

1 

(4777) 

(1676-77) 


{3068) 

{567-68) 


18 T&rana. | 

4777 

1676-77 

362.0807' 

3710 

609-10 

184.3242 

1 




{3763) 1 

{652-63) 


44 Sadharana. 1 




3769 

668-69 

295.6608 

i 




3829 

728-29 

41.7387 

II 

jl 

[This 1 

rable is based on calculations made with the 

{3838) i 

(737-38) 

1 

10 Dhatri. 1 ; 

value of the AOdhya in 

K.Y. 0 as fixed by the late Sh. B. 

3888 

787-88 

153.0753 j 

ii 

Dikebit.] 

• 


{3924) 1 

(823-24) 


37 SObhana. jj 




3947 

846-47 

204.4120 1 

ii 

It in 

needless to continue this Table further, this 


4007 906-07 10.4898 | | having been for oenturies out of use by the end 

{4009) ' iOOS^OO) I ! 3 Suklo. j «f the 17th century A. D. 
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TABLE XXX.A. 

The sixty-samvatsara cycle of Jupiter. 

Mean-sign system by the Original Surya SiddhSnta. 

The number of days and decimals, less than the day given in Table XXX., by which each 
samvatsara begins after mean Mraha samkranti in its solar year. 


No. 

Samvatsara. 

Number of days. 

No. 

Samvatsara. 

Number of days. 

1 • 

2 

3 

1 

2 

3 

1 

Prabhava 

0.0000 

31 

Hdmalamba 

120.9011 

2 

Vibbava 

4.2320 

32 

Vilamba 

131.1031 

3 

Sukla 

8.4041 

33 

Vikarin 

135.4251 

4 

PramOda 

12.01)01 

1 34 

Sarvarin 

130. 6572 

5 

Praj&pati 

10.0281 

1 35 

Plava 

143.8802 

0 

Angiras 

21.1002 


Subhakrit 

148.1212 

7 

Srimukha 

25.3922 

1 30 

37 

Sdbhana 

152.3533 

8 

Bhava 

29.0242 

38 

Krodhiti 

150.5853 

0 

Yuvati 

33.8503 

39 

Viifivavasu 

160.8173 

10 

Dh&tri 

38.0883 

40 

Par&bhava 

105.0404 

11 

I4vara 

42.3204 

41 

Plavanga 

100.2814 

12 

Bahudhanya 

46.5524 

42 

Kllaka 

173.5135 

13 

Pramftthin 

50.7844 

43 

Saumya 

177.7465 

14 

Vikrama 

55.0105 

44 

Sadbaraiia 

181.0775 

15 

Vrisha 

50.2485 

45 { 

VirOdhakrit 

180.2000 

IG 

Cbitrabhanu 

03.4805 

40 

Paridhavin 

190.4410 

17 

Subhanu 

07.7120 

47 

Pram&diti 

194.0730 

18 

Tararw 

71.9440 

48 

Auanda 

198.9057 

10 

Parthiva 

70.1700 

40 

Rakshasa 

203.1377 

20 

Vyaya 

80.4087 

50 

Anala 

207.3097 

21 

Sarvajit 

84.0407 

51 

Pingala 

211.0018 

22 

Sarvadharin . , 

88.8727 

52 1 

K&layukta 

215.8338 

23 

VirOdhin 

93.1048 

53 

Siddhftrthin 

220.0658 

24 

Vikrita 

07.3368 

54 

Raudra 

224.2979 

25 

Khara 

101.5680 

55 

Durmati 

228.5299 

20 

Nandana 

105.8009 

56 

Dundubhi 

232.7619 

27 

Vijaya 

HO. 0329 

67 

RudhirOdgarin 

230.9940 

28 

Jaya 

114.2050 

58 

1 Raktaksha 

241.2260 

29 

Manmatha 

118.4970 

59 

Krudhana 

245.4581 

30 

Durmukha 

122.7290 

60 

1 

Kshaya 

Prabhava ( 0 / ntH cycU) 

249.6901 

253.9221 
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TABLE XXXI. 

The sixty-samvatsara cycle of Jupitek. 


Mean-sign system by the Brahma Siddhiinta and Siddhanta Sipomapl. 




1 

Number of days 




I 

1 Number of days 


Year 


1 by u’hieh 


, Year 


j by which 


of the 

Christian 

i 1 Prabhava 

Expunged 

of the 

Christian 

1 Prabhava 

Expunged 

Kaliyuga 

year. 

1 began after 

samvatsara. 

1 Kaliyuga 

year. 

1 began after 

samvatsara. 

(expired). 


1 apparent 


1 (expired). 


1 apparent 





! MSahn Bamkriuti. 

i 




j MSitha Ba^ronti 

i 


1 

2 

1 

' 3 

i 

4 

1 

2 

1 ^ 

4 

i 

B.C. 

1 


ii 


i 


33 j 

3069-8 

j 229.8221 


1 4125 

1024-25 

216.1208 



A.D. 



{4176) 

(1074-76) 


51 Pihgala. 

3117 ' 

16-17 

1 155.2242 


<1 4184 

1083-84 

326,0704 


{sm) 

(52-53) 

' 

37 i^bhaua. 

1 4244 

1143-41 

71.7736 

, 

3176 

73-76 

266.1768 


1 (4200) 

(1159-60) 


^ 17 Subhanu. 

3236 

135-36 

11.8710 


1 4303 

1202-03 

182.7262 


(3238) 

(737-38) 


3 j^ukla. 

(4346) 

(1245-46) 


44 Sidharana. 

329o 

104-95 

122.K23H 


4362 

1201-62 

293.0789 


{3323) 

{222-23) 


29 Manmatha. 

1 4422 

1321-22 

39.3731 


3334 

2d3-54 

233.77U3 


(4431) 

(1330-31) 

. . .. 

10 Dh&trL 

(am) ' 

{308-09) 


50 Dundubhi. 

1 4481 

1380-81 

150.3257 


3413 

312-13 

{ 344. 72W) 


(4616) 

(1416-16) 


36 Subhakrit. 

' 

3473 i 

372-73 

! 90.4231 


4540 

1430-40 

261.2783 

{3494) 

(393-94) 


22 Sarvadharin. 

4600 

1490-500 

6.9725 


3532 

431-32 

201.3757 ' 


i (4601) 

^ (1500-01) 


2 Vibhava. 

{3579) : 

(478-79) 

1 1 

1 i 

48 Aiianda. 

4659 

1558-59 

117.9252 


3591 • 

490-91 

312.3284 1 


(4686) 

(1685-86) 


28 Jaya. 

3651 

560-51 I 

S8.022U ! 


4718 

1617-18 

228.8778 


(3664) 

(663-64) 

j 

14 Vikraina. 

; (4772) 

(1671-72) 


55 Durmati. 

3710 

609-10 

108.0762 1 


1 4777 

1676-77 

330.8304 


{3749) 

(648-49) 

1 

40 Parabhava. 

4837 

1736-87 

85.5246 


3769 

668-69 

279.0278 1 


i (4867) 

(1766-67) 


21 Sarvajit. 

3829 

728-29 

26.0220 


4806 

1795-96 

196.4773 


(3835) 

(734-35) 


7 6rlmukha. 

(4942) 

(1841-42) 


47 Pram&din. 

3888 

787-88 

130.6747 


4055 

1854-55 

307.4299 


(3920) 

(819-20) 


33 Vik&rin. 

5015 

1914-15 

53.1241 


3947 

846-47 

247.6273 


(6027) 

^926-27) 


13 Pramathin. 

(4006) 

(904-06) i 


59 KtOdhana. 

5074 

’ 1978-74 

164.0707 


4006 

005-06 

368.4709 


(0112) 

(2011-12) 


30 Viiv&vasu. 

4066 

065-66 

104.1741 


5133 

2082-33 

275.0294 


(4090) 

1 

(989-90) 


25 Khara. 





1 N.B. Thk Table is baaed on Br. Schram's valuation of the Mklhya in K.Y. 0. 
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TABLE XXXLA. 

The sixty-samvatsara cycle of Jupiter. 

Meari’sign system by the Brahma Siddh&nta and Siddhanta Sirdmani. 


The number of days and decimals less than the day given in Table XXXI. by which each 
sam^ atsara begins after apparent M6sha samkranti. 


No. 

Samvatsara. 

1 

j Number of daya 

No. 

^ Samvataara. 

, Number of daya 

1 

2 

8 

1 

2 

8 

1 

Prabhava 

0.0000 

31 

Hemalamba 

127.1829 

2 

Vibhava 

4.2384 

32 

Vilamba 

131.3013 

3 

l^ukU 

1 

8.4760 

33 

Vikarin 

135.6298 

4 

PramOda 

I2.71S3 

34 

^rvarin 

130.8682 

0 

Prajapati 

16.0537 

35 

Plava 

144.1066 

0 

Angiras 

21.1922 

30 

Subhakrit 

148.3451 

7 

^ilmukha 

25.4306 

37 

S5bhana 

152.5835 

8 

Bhava 

29.0690 

38 

Krodhin 

156.8210 

9 

Yu van 

33.0074 

30 

Vi^vavasu 

161.0603 

10 

Dhatri 

38.1459 

1 40 

Parabhava 

165.2088 

11 

Iiivara 

42.3843 

i 41 

Plavanga 

160.5372 

12 

Babudhauya 

40.6227 

42 

Kllaka 

173.7756 

13 

Pram&thin 

00.8012 

43 

Saumya 

178.0141 

14 

Vikrama 

55.0096 

44 

S&dhftrana 

182.2529 

15 


59.3380 

45 

VirOdhakrit 

186.4909 

16 



Chitrabhanu 

1 

! 63.5765 


1 Paridh&vitt 

100.7204 

1 

17 

MiiVklta.Tiii 

67.8140 

47 

Pramfidin 

1 194.9678 

18 

^aPuniL 

72.0533 

48 

Ananda 

' 199.2062 

10 



76.2917 

40 

H&kshasa 

209.4446 

20 

Vyaya 

i 80.5302 

50 

' Anala 

207.6831 

1 

21 

Sarvajit 

84.7080 

51 

‘ Pingala 

1 211.0215 

22 

Sarvadbarin 

89.0070 

52 

Kalayukta 

; 216.1599 

23 

VirOdhin I 

93.2455 

53 

1 

BlddhSrtUn 

1 220.8984 

24 

1 

Vikrita t ' 

07.4839 

54 

Raudra 

224.6368 

25 

IThttra 

101.7223 

55 

Durmati 

228.8752 

26 


105.9608 

56 

Dundubhi 

233.1137 

27 



110.1992 

57 

RudhirOdgirin 

237.3521 

28 

V ijaya 

114.4376 

58 

RaktAksha 

241.5005 

20 

1 

118.6760 ' 

59 

Krodkana 

I 245.8290 

80 

Dunnukba > 

122.0145 * 

1 00 

i t 

Kflhaya ‘ 

250.0674 


1 

1 


1 1 1 

Prabhava 

254.3058 


( 



(0/ the following egek) ' 
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TABLE XXXII. 

The twelve- year cycle of Jupiter. 

Sfiowing the correspondence oj the samvatsaras of the twelve-year cycle of Jupiter with those of the 

sixty-year cycle, by Jupiter's mean longitude. 



Samvatsaras of the 60-year cycle. 


Samvatsara 
of 12-yoar 
cycle. 

Moan 

Jupiter 
in sign. 

1 ! 

1 

2 

3 

1 Prabhava. 

13 Pramathin. 

26 Khara. 

37 ^bhana. 

40 Eakshaua. 

Mah4 l^ravana. 

11 Kumbha. 

2 Vibhava. 

14 Vikrama. 

26 Nandana. 

38 KrOdhin. 

60 Anala. 

Maha Bhadrapada. 

12 Mina. 

3 ^ukla. 

16 Vrisha. 

27 Vijaya. 

39 ViSvavasu. 

61 Pingala. 

Maha Alvina. 

1 MCsha. 

4 PramMa. 

16 Chitrabhanu. 28 Jaya. 

.40 Parabhava. 

62 Kalayukta. 

Maha Karttika. 

2 Vrishabha. 

5 Prajapati. 

17 Subhinu. 

20 Maumatha, 

41 Plavanga. 

63 Siddharthin. 

Maha Marga^Irsha. 

3 Mithuna, 

0 Angiraa. 

18 T&rana. 

30 Durmukha. 

42 Kilaka. 

64 Raudra. 

MahS Pausha. 

4 Karka. 

7 ^tlmukha* 

19 Parthiya, 

31 HSmalamba. 43 Saumya. 

65 Durmati. 

Mahft Magha. 

6 Simha. 

8 Bhava. 

20 Vj'aya. 

32 ViUmba. 

44 Sadharana. 

60 Dundubhi 

Mah& Phalguna. 

6 Kanya. 

9 Yuvan. 

21 Sarvajit. 

33 VikaruL 

46 ViiOdhakrit. 

67 BndhitOd- 

Mah& Chaitra. 

7 Tula. 

10 Dhitri. 

22 Sarvadharin. 

34 i^arvarin. 

46 Paridhavin. 

g&rin. 

68 Baktaksha. 

Mah4 Vai4&kha. 

8 V^hika. 

11 lavara. 

23 VirOdhiiu 

35 PUva. 

47 Pramadin. 

60 KrOdhana. 

Mah& Jydshtha. 

9 Dhanua 

12 Bahudhanya. 

24 Vikrita. 

36 Subhakrit. 

48 Auanda. 

60 Kshaya. 

Maha Ashadha. 

10 Makara. 
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TABLE XXXIII. 

For finding the mean place of Jupiter. 


Argument the number of solar year's between Kaliyuga i current and the given Kaliyuga 

current year. 


- 

Jupi 

mcai 

of 

bor*s m 
1 Mesh 
K.Y. 

0 

can place at 
a samkranti 

L current. 

Deduct constan 

b. 

At 


A 


PrcHent Surya 

Siddhanta 







' 0 

0 

0 

0 

0 

0 

0 

0 

1 Present SQrya Siddhanta 

with bija 

, 

. 




0 

0 

0 

0 

0 

0 

0 

0 

1 First Ar 3 'a Biddhanta 

. 

• t 

• 

• 




0 

0 

0 

0 

i 0 

0 

0 

0 

1 Original Surya Siddhanta 

. • 






0 

0 

0 

0 

0 

0 

0 

0 

Brahma Biddhanta and Siddhanta 6ir6mani . 




11 

29 

27 

36 

0 

0 

32 

24 


Surya Siddhanta. 


Surya Siddhanta 



First Arya 


Brahma Siddhanta and 

Arfj . 

No. of 

Original SOrya Siddhanta. 


with blja. 



Siddhanta. 


Siddhanta Siromani. 


















years. 

s. 

0 

/ 

» 1 


0 

/ 

' 


• 

f 

# 


0 



1 

1 

0 

21 

6 

1 

0 

21 

4 

1 

0 

21 

7 

\ 

0 

21 

8 

2 

2 

0 

42 

12 

2 

0 

42 

7 

2 

0 

42 

14 

2 

0 

42 

16 

3 

3 

1 

3 

18 

3 

1 

3 

11 

3 

1 

3 

22 

3 

1 

3 

24 

4 

4 

1 

24 

24 

4 

1 

24 

14 

4 

1 

24 

29 

4 

1 

24 

32 

5 


1 

46 

30 

6 

1 

46 

18 

6 

1 

15 

36 

6 

1 

46 

40 

6 

6 

2 

6 

36 

6 

2 

6 

22 

6 

2 

(i 

43 

6 

2 

6 

48 

7 

7 

2 

27 

42 

7 

2 

27 

25 

7 

2 

27 

60 

7 

2 

27 

56 

8 

8 

2 

48 

48 

8 

2 

48 

29 

1 8 

2 

48 

58 

8 

2 

49 

5 

0 

9 

3 

9 

54 

9 

3 

9 

32 

9 

3 

10 

5 

9 

3 

10 

11 

10 

10 

3 

31 

0 

10 

3 

30 

3« 

10 

3 

31 

12 

10 

3 

31 

19 

20 

8 

7 

2 

0 

8 

7 

1 

12 

8 

7 

2 

24 

8 

7 

2 

39 

30 

6 

10 

33 

0 

6 

10 

31 

48 

6 

10 

33 

36 

6 

10 

33 

58 

40 

4 

14 

4 

0 

4 

14 

2 

24 

4 

14 

4 

48 i 

4 

14 

5 

18 

60 

2 

17 

36 

0 

2 

17 

33 

0 

2 

17 

30 

0 1 

2 

17 

36 

37 

60 

0 

21 

6 

0 

0 

21 

3 

36 

0 

21 

7 

12 

0 

21 

7 

56 

70 

10 

24 

37 

0 

10 

24 

34 

12 

10 

24 

38 

24 1 

10 

24 

39 

16 

80 

8 

28 

8 

0 

8 

28 

4 

48 1 

8 

28 

9 

36 , 

8 

28 

10 

35 

90 

7 

1 

39 

0 

7 

1 

35 

24 

7 

1 

40 

48 ! 

7 

1 

41 

54 

100 

5 

6 

10 

0 

5 

6 

6 

0 

5 

5 

12 

0 

6 

5 

13 

14 

200 

10 

10 

20 

0 

10 

10 

12 

0 

10 

10 

24 

0 

10 

10 

26 

28 

300 

3 

15 

30 

0 

3 

15 

18 

0 

3 

15 

36 

0 

3 

15 

39 

41 

400 

8 

20 

40 

0 

8 

20 

24 

0 

8 

20 

48 

0 i 

8 

20 

52 

65 

500 

1 

25 

50 

0 

I 

25 

30 

0 

1 

26 

0 

0 1 

1 

26 

6 

9 

600 

7 

1 

0 

0 

7 

0 

30 

0 

7 

1 

12 


7 

1 

19 

23 

700 

0 

6 

10 

0 

0 

5 

42 

0 

0 

6 

24 

0 

0 

0 

32 

36 

800 

5 

11 

20 

0 

5 

10 

48 

0 

5 

11 

36 

0 

5 

11 

45 

60 

900 

10 

16 

30 

0 

10 

15 

64 

0 

10 

16 

48 

0 

10 

16 

69 

4 

1000 

3 

21 

40 

0 

3 

21 

0 

0 

3 

22 

0 

0 

3 

22 

12 

18 

2000 

7 

13 

20 

0 

7 

12 

0 

0 

7 

14 

0 

0 

7 

14 

24 

35 

3000 

11 

5 

0 

0 

11 

3 

0 

0 

11 

6 

0 

0 

11 

6 

36 

63 

4000 

2 

26 

40 

0 

2 

24 

0 

0 

2 

28 

0 

0 ' 

2 

28 

49 

10 

5000 ; 

6 

18 

20 

0 1 

1 

6 

15 

0 

0 1 

1 

6 

20 

0 

0 

i 

6 

21 

1 

28 
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TABLE XXXIV. 

Mean motion of Jupiter anp Sun. 


Argument = the number of days, hours and minutes between itiean MCsha samkranti and 

the given moment. 

(Applicable to all the Siddhatitas.) 


Ar^: 

Jupiter. 

Sun. 

Ary : 

■vr«. 

Jupiter. 

Sun. 

No. of 










NO. 01 










days. 

s. 

e 


0 


0 



0 

days. 

s. 

• 

/ 


M 

B. 

e 

/ 

0 

1 

0 

0 

4 

69 

0 

0 59 


8 

30 

0 

2 

29 


34 

0 

29 

34 6 

2 

0 

0 

9 

68 

0 

1 68 


16 

40 

0 

3 

19 

26 

1 

9 

26 27 

3 

0 

0 

14 

67 

0 

2 67 


25 

50 

0 

4 

9 


17 

1 

19 

16 48 

4 

0 

0 

19 

67 

0 

3 66 


33 

60 

0 

4 

69 

7 

1 

29 

8 10 

5 

0 

0 

24 

66 

0 

4 56 


41 

! 70 

0 

6 

49 

0 

2 

8 

59 32 

6 

0 

0 

29 

55 

0 

6 64 


49 

80 

0 

6 

38 

S2 

2 

18 

60 64 

7 

0 

0 

34 

64 

0 

6 63 


07 

90 

0 

7 

28 

43 

2 

28 

42 15 

8 

0 

0 

39 

63 

0 

7 53 


6 

100 

0 

8 

18 

36 

3 

8 

33 37 

0 

0 

0 

44 

62 

0 

8 62 


14 

200 

0 

10 37 

9 

6 

17 


7 14 

10 

0 

0 

49 

61 

0 

9 61 


22 

300 

0 

24 

55 

44 

9 

25 

40 61 

20 

0 

1 

.19 

43 

0 

10 42 


43 

. 










Ary: 

Jupiter. 

Sun. 

Arg; 

Jupiter. 


Sun. 

‘ Ary: 

Jupiter. 

Sun. 

Ary: 

Jupiter. 

Sun. 

No. of 













. 

No. 

of 







■ No. Of 




j| JKO. oi 








hours. 

/ 


/ A 

, minutes. 

i 

/ ^ 


/ 

^ 1 ghatikas. 

ii 

' 


f 


palas. 



* H 

1 

0 

12 

2 28 

! 1 

0 0.2 


0 

2i 

1 

0 

6 

0 

69 

1 

0 

0.1 

0 1 

2 

0 

25 

4 56 

2 


0 0.4 


0 

6 


0 

10 

1 

68 


2 

0 

0.2 

0 2 

3 

0 

37 

7 24 

3 

0 0.6 


0 

7 

3 

0 

16 

2 

67 

3 

0 

0.2 

0 3 

4 

0 

60 

9 61 

! 4 


0 0.8 


0 

10 

* 

0 

20 

3 

67 


1 

0 

0.3 

0 4 

6 

1 

2 

12 19 

1 


0 1 


0 

12 

5 

0 

25 

4 

66 


5 

0 

0.4 

0 6 

6 

1 

16 

14 47 

1 6 

0 1.2 


0 

16 

0 

0 

30 

6 

56 

e 

0 

0.6 

0 6 

7 

1 

27 

17 15 

7 


0 1.4 


0 

17 

7 

0 

36 

6 

64 


7 

0 

0.6 

0 7 

8 

1 

39 

19 43 



0 i.e 


0 

20 

8 

0 

40 

7 

63 



0 

0.7 

0 8 

9 

1 

62 

22 11 

1 ^ 

0 1.8 


0 

22 

9 

0 

45 

8 

62 

» 

0 

0.7 

0 9 

10 

2 

5 

24 38 

10 

0 2 


0 

26 

10 

0 

60 

9 

61 

10 

0 

0.8 

0 10 

20 

4 

9 

49 17 

20 

0 4 


0 

49 

20 

1 

40 

19 

43 

20 

0 

1.7 

0 20 





30 

0 6 


1 

14 

30 

2 

30 

29 

34 

30 

0 

2.6 

0 30 





40 

0 8 


1 

39 

40 

3 

19 

39 

26 

40 

0 

3.3 

0 JiO 





60 

0 10 


2 

3 

60 

4 

9 

49 

17 

50 

0 

4.2 

0 49 



d. d. 

ft. 


s. d. 

gft. p. 

x\ 


' Sury a Siddh8nta ) 

(with and without the blja) > 

' 2.170694 >=^2 

4 

5 

11 

00 

-ei 

10 14 

30 ) 

. ...(iSee|39C.) 

1st Arya Siddhftnta 

2.1476694 = 2 

3 

32 

30 = 2 

8 51 

16 ) 


I Brahma Siddhftnta 

2.171973 *2 

4 

7 

38 = 2 

10 19 

® ] 

((At mean M6sha 

1 2ud Ar^^a Siddhftnta 

do. 


do. 


do. 


- j samkrftnti, K.Y. 1 

1 Siddhftnta fiirOma^ 

do. 


do. 


do. 

) 

(current (Dr. Sohram). 

[ Original SCirya Siddhftnta • 

2.23972 -2 

6 

46 

12-2 

14 23 

0 

...(Sh. B. Dikshit.) 
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TABLE XXXV. 

For finding the true place of Jupiter, 

For parallax, the argument is the number of degrees in V or Y,” or 
the remainder after deducting “ V ’* or “ Y ** from twelve signs. [Text, § 184A, p. 69.) 
For equation of the centre the argument is Jupiter*s anomaly. 





Equation 

li 

1 



1 Equation 


! 


1 Equation 

! 

i 


Equation 

Arg. 

1 Parallax. 


of 

Arg. 

Parallax. 


of 

1 Arg. 

1 Parallax. 

1 

of 

' Arg. 

! Parallax. 


of 




centre. 

1 

1 


1 (;ontro. 

1 

i 

' 


t'ontro. 

i 



centre. | 

• 


• 

/ 

0 

• 

/ 

0 

/ 

• 

1 

1 • 

/ 

• 


1 .• 

1 * 


• 

/ 

1 

0 

10 

0 

5 

46 

7 

8 

3 

35 

1 91 

: 11 

19 

5 

6 

1'' 136 

! 137 

9 

0 

3 

41 

2 

0 

10 

0 

10 

47 

7 

17 

3 

38 

1 02 

11 

22 

5 

0 

! 9 

0 

3 

37 

3 

0 

29 

0 

15 

48 

7 

25 

3 

42 

03 

11 

25 

5 

6 

; 138 

8 

51 

3 

33 

4 

0 

38 

0 

21 

40 

7 

33 

3 

45 

04 

J] 

27 

5 

6 

1 130 

8 

41 

3 

20 

5 

0 

48 

0 

26 

50 

7 

41 

3 

48 

05 

11 

28 

5 

0 

r 140 

8 

32 

3 

25 

6 

0 

58 

0 

31 

51 

7 

48 

3 

52 

06 

i 11 

29 

5 

5 

141 

8 

22 

3 

21 

7 

1 

8 

0 

87 

52 

7 

56 

3 

56 

97 

11 

30 

5 

5 

142 

8 

12 

3 

17 

8 

1 

18 

0 

42 

53 

8 

4 

3 

59 

08 

11 

30 

5 

4 

: 143 

8 

2 

3 

13 

0 

1 

27 

0 

47 

54 

8 

12 

4 

2 

90 

11 

30 

5 

4 

' 144 

7 

52 

3 

8 

10 

1 

37 

0 

52 

55 

8 

20 

4 

5 

100 

11 

31 

5 

a 

1 145 

7 

41 

3 

4 

11 

1 

47 

0 

57 

56 

8 

27 

4 

8 

101 

11 

31 

5 

3 

I 146 

; 7 

31 

3 

0 

12 

1 

57 

1 

2 


8 

34 

4 

11 

102 

i 

31 

5 

2 

1 147 

7 

10 

2 

55 

13 

2 

7 

1 

7 

S8 

8 

41 

4 

14 

1 103 

1 H 

30 

5 

1 

; 148 

1 

R 

2 

60 

14 

2 

16 

1 

12 

50 

8 

48 

4 

17 

j 104 

11 

30 

5 

0 

I 140 

6 

67 

2 

46 

15 

2 

26 

1 

17 

60 

8 

55 

4 

20 

105 

11 

29 

4 

50 

1 150 

i 6 

46 

2 

41 

16 

2 

36 

1 

22 

1 

9 

1 

4 

22 

106 

n 

28 

4 

58 


0 

34 

2 

30 

17 

2 

46 


27 

62 

9 

8 

4 

25 

107 

11 

27 

4 

67 

152 

6 

23 

2 

31 

18 

2 

55 

1 

32 

1 63 

9 

14 

4 

27 

108 

11 

26 

4 

55 

153 

6 

11 

2 

27 

19 

3 

4 

1 

37 

64 

9 

21 

4 

30 

100 

11 

25 

4 

54 

154 

5 

59 

2 

22 

20 

3 

14 

1 

42 

65 

9 

28 

4 

32 

110 

11 

24 

4 

52 

155 

6 

47 

2 

17 

21 

3 

24 

1 

47 

1 66 

0 

34 

4 

35 

1 111 

11 

22 

4 

60 

150 

5 

34 

2 

12 

22 

3 

33 

1 

52 

67 

0 

40 

4 

37 

1 

11 

19 

4 

40 

157 

5 

21 

2 

7 

23 

3 

42 

1 

57 

68 

9 

45 

4 

30 

113 

11 

16 

4 

47 

158 

5 

8 

2 

2 

24 


52 

2 

1 

69 

9 

49 

4 

41 1 

! 114 

11 

13 

4 

45 

159 

4 

55 

1 

57 

25 

4 

2 

2 

7 

70 : 

9 

54 

4 

43 1 

115 j 

11 

10 

4 

43 

160 

4 

42 

1 

51 

20 

4 

11 

2 

11 

71 

9 

50 

4 

46 1 116 

11 

0 

4 

41 

161 

4 

29 

1 

46 

27 

4 

20 

2 

15 

1 72 

10 

4 

4 

47 1 

117 

11 

2 

4 

38 

162 

4 

16 

1 

41 

28 

4 

30 

2 

20 

73 

1 10 

9 

4 

49 ! 

118 

10 

59 

4 

30 

163 

4 

2 

1 

35 

20 

4 

30 

2 

24 

74 

10 

14 

4 

51 

119 

10 

55 

4 

34 

164 

3 

48 ! 

1 

30 

30 

4 

49 

2 

20 

75 

10 

10 

4 

52 

120 

10 

51 

4 

31 

i 165 

3 

34 j 

1 

24 

31 

4 

59 

2 

33 

76 

10 

24 

4 

54 

121 

10 

46 

4 

20 

j 166 

.3 

20 I 

1 

19 

32 

5 

7 

2 

38 

77 

10 

28 

4 

55 

122 

10 

41 

4 

26 

167 

3 

6 

1 

13 

33 

5 

17 

2 

42 ' 

78 

10 

33 

4 

56 

123 

10 

36 

4 

23 

1 168 

2 

52 

1 

8 

34 

5 

26 

2 

47 1 

79 

10 

37 

4 

57 

124 

10 

31 

4 

21 

i 169 

2 

38 ; 

1 

2 

35 

5 

34 

2 

51 

80 

10 

41 

4 

59 

125 

10 

25 

4 

18 

170 

2 

i 

0 

57 

36 

5 

43 

2 

55 

81 

10 

46 

5 

0 

126 

10 

19 

4 

15 

! 171 

2 

10 ! 

0 

51 

37 

5 

52 

2 

58 

82 

10 

50 

5 

1 

127 

10 

13 

4 

12 

172 

1 

55 

0 

45 

38 

6 

1 

3 

4 

83 

10 

54 

6 

1 

128 

10 

7 

4 

9 

173 

1 

i 

0 

40 

30 

6 

9 

3 

8 

84 

10 

58 

6 

2 

129 

10 

1 

4 

6 

174 

1 

27 

0 

34 

40 

0 

18 

3 

12 

85 

11 

1 

5 

3 

130 

0 

54 

4 

3 

175 

1 

13 

0 

29 

41 

6 

26 

3 

16 

86 

11 

4 

5 

4 

131 

9 

47 

3 

59 

176 

0 

50 

0 

24 

42 

6 

35 

3 

20 

87 

11 

7 

5 

4 

132 

9 

39 

3 

55 

177 

0 

44 

0 

18 

43 

6 

44 

3 

23 

88 

11 

10 

5 

5 1 

183 

' 9 

32 

8 

52 

178 

0 

29 

0 

12 

44 

6 

52 

3 

27 

89 

11 

13 

6 

5 

134 

0 

25 

3 

40 

179 

0 

15 

0 

6 

45 

7 

0 

3 

31 

90 

11 

16 

5 

5 1 

135 

9 

17 

3 

45 

180 

0 

0 

0 

0 


Longitude of Jupiter's aphelion by the Surya Siddhdnkt => 5 *' 21*, or 171*. The same by the Arya Siddhdnta = 6 *' 0* or 180*. 
Longitude of the perihelion by the Siirya SiddhAnUa ^ ll** 21*, or 351*. The same by the Arya Siddh&nta == 0 * 0*; or 

the same as the first point of MSsha. 
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TABLE XXXVI. 

For converting decimals of a day into hours, minutes and seconds. 


First 

2 

decimals. 

H. 

M. 

s. 

First 

2 

deciinalo. 

U. 

M 

y. 

3rd and 
4th 

dccimiils. 

M. 

y. 

3rd and 
4th 

decimals. 

M. 

S. 

5th 

dfluiiual. 


8. 


.00 

0 

0 

0 

.60 

12 

0 

0 

.0000 

0 

0 

.ooao 

7 

12.00 

.00000 


0.000 


.01 

0 

14 

24 

.51 

12 

14 

34 

01 

0 

8.64 

51 

7 

20.64 


1 


0.864 


.02 

0 

28 

48 

.52 

12 

28 

48 

02 

0 

17.28 

52 

7 

29.28 


2 


1.728 


.03 

0 

43 

12 

.53 

12 

43 

12 

03 

0 

25.92 

53 

7 

37.92 


3 


2.592 


.04 

0 

57 

36 

.54 

12 

57 

36 

04 

0 

34.56 

54 

7 

46.56 


4 


3.456 


.05 

1 

12 

0 

,!io 

13 

12 

0 

05 

0 

43.20 

55 

7 

56.20 


5 


4.320 


.06 

1 

26 

24 

.56 

13 

26 

24 

06 

0 

51.84 

56 

8 

3.84 


6 


5.184 


.07 

I 

40 

48 

.57 

13 

40 

48 

07 

1 

0.48 

57 

8 

12.48 


7 


6.048 


.08 

1 

55 

12 

.58 

13 

55 

12 

08 

1 

9.12 

58 

8 

21.12 


8 


6.912 


.09 

2 

9 

30 

.59 

14 

9 

36 

09 

1 

17.76 

59 

8 

29.76 


9 


7.776 


JO 

2 

24 

0 

.60 

14 

24 

0 

10 

1 

26.40 

60 

8 

38.40 


. 




.11 

2 

38 

24 

.61 

14 

38 

21 

11 

1 

35.04 

61 

8 

47.04 



Ol 



.12 

2 

52 

48 

.62 

14 

52 

48 

12 

1 

44.08 

62 

8 

56.08 


4* 8 

s 

1.1-^ 


.13 

3 

7 

12 

.(13 

15 

7 

12 

13 

1 

52.33 

63 

9 

4.32 



9 

Is.: 


.14 

5 

21 

36 

.64 

15 

21 

36 

14 

2 

1.36 

64 

9 

12.06 




i'a.S 

, 


3 

36 

0 

.65 

15 

36 

0 

15 

2 

10.00 

65 

9 

21.60 

i 

IS" 



.16 

3 

50 

24 

.66 

15 

50 

24 

16 

2 

18.24 

66 

9 

30.24 






.17 

4 

4 

48 

.«7 

16 

4 

48 


2 

26.88 

fl7 

9 

38.88 



C ^ 2 


.18 

4 

19 

12 

.68 

16 

19 

12 

1 18 

2 

35.52 

68 

9 

47.62 




1 

.19 

4 

33 

36 

.69 

16 

33 

36 

J9 

2 

44.16 

69 

0 

56 J6 


II 



.20 

4 

48 

0 

.70 

10 

48 

0 

; 20 

S 

62.80 

70 

10 

4.80 


II II II 

II 

CO 

OD 

s 

.21 

5 

2 

24 

.71 

17 

2 

24 

1 

3 

1.44 

71 

10 

13.44 


^ ^ ^ 

s 

^11 

.22 

5 

16 

48 

.72 

17 

16 

48 

22 

3 

10.08 

72 

10 

22.08 





4 

.23 

5 

31 

12 1 

.73 

17 

31 

12 

: 23 

3 

18.52 

73 

10 

30.72 



0^ 


0 

.24 

5 

45 

36 

.74 

17 

45 

36 

i 2** 

3 

27.36 

74 

10 

39.36 


II 



io 

.2.) 

.26 

6 

6 

0 

14 

0 

24 

.75 

.76 

18 

18 

0 

14 

0 

24 

25 

26 

3 

36.00 

44.64 

75 

76 

10 

10 

48.00 

56.64 

'ts 

CO 

I 


S g 
0^ £ 0 

I 

.27 

i ® 

28 

48 

•77 

18 

28 

48 

i 27 

1 3 

5^3.28 

77 

11 

5.28 


04 


^ I'S 

S 

.28 

6 

43 

12 

.78 

18 

43 

12 

28 

1 4 

1.92 

78 

11 

13.92 




03 X 

.1 

.29 

6 

37 

36 

.79 

18 

57 

36 

! 29 

i 4 

10.50 

79 

11 

22.56 

J 



:S aS. 

.30 

7 

12 

0 

.80 

19 

12 

0 

1 30 

4 

19.20 

80 

11 

31.20 

1 





.31 

7 

26 

24 

.81 

19 

26 

24 

I 31 

1 4 

27.84 

81 

11 

39.84 

i 





.32 

7 

40 

48 

.82 

1 19 

40 

48 

1 32 

i ^ 

36.48 

82 

11 

48.48 






.33 

7 

55 

12 

.83 

19 

55 

12 

1 33 

! 4 

45.12 

83 

11 

57.12 



A O ^ 


..34 

8 

9 

36 

.84 

i 20 

9 

36 

i 24 

4 

53.76 

84 

12 

5.76 




X 


.35 

8 

24 

0 

.85 

20 

24 

0 

! 35 

5 

2.40 

85 

12 

14.40 

•9 

0 

36 

3D Q 

eo ed 

SS 

s 

.36 

8 

38 

24 

.86 

20 

38 

24 

36 

5 

11.04 

86 

12 

23.04 




36 

33 

3 

cS 

.37 

8 

52 

48 

.87 

20 

52 

48 

37 

5 

19.68 

87 

12 

31.68 


24 

33 

33 

2 

.38 

9 

7 

12 

.88 

21 

7 

12 

38 j 

5 

28.32 

88 

12 

40.32 






.39 

9 

21 

36 

.89 

21 

21 

36 

39 i 

5 

36.96 

89 

12 

48.96 





.40 

.41 

9 

9 

36 

50 

0 

24 1 

.90 

.91 

21 

21 

36 

50 

0 

24 

i ^0 1 

1 41 1 

5 

5 

45.60 

54.24 

90 

01 

12 

13 

57.60 

6.24 


Ol 

Ol Ol 

Ol 

.42 

10 

4 

48 

.92 

22 

4 

48 

1 

6 

2.88 

92 

13 

14.88 


!l 

II II II II 

II 

.43 

10 

19 

12 

.93 

; 22 

19 

12 

* 43 

6 

11.52 

03 

13 

23.52 


o 


§ 

.44 

10 

33 

36 

.94 

22 

33 

30 

44 

6 

20.16 

94 

13 

32.16 



oi 

Ol Ol 

A 

Ol 

.45 

10 

48 

0 

.95 

22 

48 

0 

i 45 

6 

28.80 

95 

13 

40.80 





.46 

11 

2 

24 

.pe 

23 

2 

24 

46 

6 

37.44 

96 

13 

49.44 


II II 

II 

II 


.47 

11 

10 

48 

.97 

23 

16 

48 

! 47 

6 

46.08 

07 

13 

58.08 



s 

B 


.48 

11 

31 

12 

.98 

23 

31 

12 , 

48 

6 

54.72 

98 

14 

6.72 






.49 

11 

45 

36 1 

.99 

23 

45 

36 

1 1 

7 

3.36 

09 

14 

15.86 


oi 

ai 

Ol 
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NOTES TO TABLE XXXVIL 

Col. 2. The entries are all given for the same period, the maha5mga, for the sake of 
comparison ; but it should be noted that the Veddnga Jydiisha and the Paitdmaha Siddhdnta made use 
of a yuga of only 5 years, the Rdmaka one of 2850 years, the Paulina and the Original Surya one of 
180,000 years, while the Brdhma, Pard&ara^ and Second- Arya Siddhdntas used the Kalpa of 1000 
mahasaigas ; so also the Siddhdnta Sirdmani and, apparently, the Rdjamrigdnka. 

Col. 7. (D) ** means calculation by the late Sh. B. Dikshit.'’ 

“ (Sch.) ’* means ** calculation by Dr. Schram.** 

Col. 8. The entrj' for the Original Surya Siddhdnta was given to me by Dr. Fleet, from the 
Pahchasiddhdntikd, vv. 7, 8. I have taken those for the Brdhma, Pardsara, Second Arya, and Present 
Surya Siddhdntas, and tor the Siddhdnta Sirotnani, from the Table in Burgess and Whitney's “ Surya 
Siddhdnta” p. 27, and Jacobi's article in Epig, Ind,, Vol. I., pp. 440, 442, §§ 75, 83; for the Paulina 
Siddhdnta from J. Burgess, J.R.A.S., 1893, p. 759. 

Col, 9. The entry for, respectively, the Pardiara, and Second Arya Siddhdntas, and the Siddhdnta 
Sirdmani, is taken from the Table in Burgess and Whitney's ** Surya Siddhdnta,” p. 281 ; and for the 
Brahma Siddhdnta from Jacobi’s article quoted above (with correction of a misprint). 

2. The Paitdmaha Siddhdnta, In the Indian Calendar (Table, p. 6) Mr. Sh. B. Dikshit and I 
gave the length of the solar year according to this authority as 365 d. 8 h. 34 m. Mr. Dikshit, who 
prepared the Table, did not show how he arrived at this figure. Dr. Fleet, however, has kindly looked 
into the matter for me, with the following result. The elements of the Paitdmaha Siddhdnta jSiVt given 
by VarShamihira in his Pahchasiddhdntikd, chapter 12, verses i to 3. The editors. Dr. Thibaut and 
Mahamahopadhyaya Sudhakara Dvivedi, were dealing with a manuscript which was very corrupt 
throughout; and in their edition (Benares, 1889) they found it necessary in verse i to emend 
irisheulydptum inio d%)ishashtyd iu. With this quite reasonable, and in fact unavoidable, emendation, 
the elements as given there ’are identical with the elements of the Veddnga Jydtisha, including the yuga 
of five years, with 366 days as the length of the solar year, with the insertion of an intercalated lunar 
month in thirty solar months, and with tlic expunction of a tithi, or lunar day, in every sixty-two tithis. 
The three verses in question were quoted by BhattQtpala in his commentary below VarShamihira's 
Brihat Sarhhitd, 8, 22 ; and in that commentary as edited by Sudhakara Dvivedi (Benares, 1895) they 
stand essentially as in the Pahchasiddhdntikd (there are only a few various readings which do not affect 
the meaning). But it would appear from Dikshit's Bharatiya Jyotihidstra, p. 153, that he had 
a manuscript of Bhattotpala’s commentary with a different reading which lays down an intercalated 
lunar month in thirty-two (instead of thirty) solar months ; that he found this reading also in Mahadeva's 
commentary on Sripati's Ratnamdld »* that he preferred to accept the Paitdmaha as laying down the 
expunction of a tithi in eveiy .sixty-three (instead of sixty-two) tithis ; and that on these two bases he 
arrived at the conclusion that the Paitdmaha, while specifying a yuga of five years, really dealt with a 
period of eight years measuring 2922? days ; which gives 365 d. 21? gh., or 365 d. 8 h. 34 m. iy\ s., as 
the length of the solar year. This conclusion is not admissible ; and Dr, Fleet is of opinion that the 
Paitdmaha Siddhdnta is in fact only the Veddnga Jydtisha under another name. 

5. The Paulina Siddhdntas known to Utpala. The length of the solar year according to these 
was the same as that in the Original Surya Siddhdnta, (Ind, Cah, p, 6, note 2.) 

6. The Original Surya Siddhdnta, For the value of the Sodhya see the end of § 39B of the text. 

10. The Second Arya Siddhdnta. See Text, §§ 167B and 167c ; and “ Additional Notes,” II., 
above, p. xii. 

11. The Rdjamrigdnka. I give the length of the solar year from the figures supplied by 
Mr. Sh. B. Dikshit in the Indian Calendar, p. 6. Dr. Fleet tells me that, so far as he can ascertain, no 
translation of this work is known, nor even a published text. 

13. The Siddhdnta Sirdmani. The figures in cols. 2, 3 and 4 have been verified for me from 
the original text by Dr. Fleet. 


General Note, The values given in cols. 5, 6, 10 have been calculated from the known values 
given in cols. 2, 3, 4. 
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TABLE XXXVII. 

Elements of the several Siddhantas as regards motion of Sun and Jupiter. 


Siddb&ntM. 

Civil days in 
a Mahayuga 
of 4,320,0S[) 
solar years. 

Length of one sidereal 
solar year. 

Number of 
revolutions oi 

Time of 
one sidereal 
revolution 


Da 3 ’s and 
decimals. 

Davs, hours, 
mms., seoa 

I Jupiter in a 

1 Mahayuga. 

of Jupiter 
in days and 
decimals. 


1 

2 

3 

1 ^ 

i 

8 

1 

1 




d. h, m, s. 


! 

1 V£dftng» JyGiithtL 

I,S81, 120,000 

366 

366 0 0 0 

— 

I — 

2 PaitftmAha Siddhanta . 

1,081,120,000 

360 

366 0 0 0 

— 

! I 

3 Romaka Siddhanta 

1,877,860,800 

365.246 

365 5 55 12 

— 

— 


4 Pauliiia Siddhanta 

1,077,916,000 

365.2583 

360 6 12 0 

— 



5 Two other ** PauIUa Siddhantas 
known to Utpala (A.D. 966) . 

1.577,917.800 

360.20870 

365 6 12 36 




6 Original SOrya Siddh&nta . 

1,577.917.800 

365.25875 

365 6 12 36 

364,220 

4332.320575476 


7 First Ary a Siddh&nta (A.D. 499) 
or Aryabhatlya 

1.577.917,500 

305.2586805 

365 6 12 30 

364,224 

43.32.272173108 


6 Brahma Siddh&nta (A.D. 628) . 

1,577.910.450 

365.258437500 

305 0 12 9 

304,220.455 

4332.240089479 


9 Para4ara Siddh&nta Mentioned 
in the Second Arytk oiddhanta) 

1 1,577.917,670 

365.258696730 

365 0 12 31-0 




10 Second Arya Siddh&nta 

' 1.577,917,642 

365.258690278 

365 6 12 30-84 

304,219.082 

4332.323049659 


11 Rajamriginka (A.D. 1042) . 

1,577.917,546 

366.268691100 

365 6 12 30*915 

— 

— 


12 Present SCirya Siddh&nta (with- 
out the blja)» Vasishtha 
Siddh&nta, fi&kalya-Br&hma, 
Present ROmaka, S5ma Sid- 
dhantas 

1,077,917,828 

360.268760481 

305 0 12 30*50 

364,220 

4332.320652353 


13 Siddhanta SiiOmani (A.U 1150) 

1,577,910,450 

366.268437000 

305 0 12 9 

364.220.455 

4332.240089479 


14 Present SOri^a Siddh&nta with 
the bija (about A.D. 1500) 

1.577,917,828 

366.268706481 

305 6 12 30-56 

364,212 

4332.415812768 
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TABLE XXXVII. 

Elements of the several wSiddhantas as regards motion of Sun and Jui’Itkr. 


Length of one samratsara ot the 
Jovian ojole. 


Days and Days, hours, 

decimals. mina, seca 


dOdhya in K.Y. 1 current, 
3102 B.C. 


Bays and 
decimals. 


Longitude 

of Sun's apsis 

in K.Y. 1 
Days, hours, current, 
mma, seoa 


Position of 

Jupiter Mean dailv 
at the epoch motion of 
Jupiter. 


of the 

Kaliyuga era. 


d. A. m. a j 


d, K m, a. 


4 

! 

1 


- 



' — 


— 


1 80 

1 

0 

0 


— 


i 

j 

— 

‘ \ 
1 

1 ^ 

361.026714023 

301 

0 38 

28 

1 

(D.) 2.23072 

( 

2 

6 45 

12 

80 

0 

0 





50.14684 

7 

361 .022081007 

361 

0 

32 

40 

<(D.) 2.1476004' 

((Soh.) 2.146831 

2 

2 

1 

3 32 

3 31 

30^ 

26) 

78 

0 


1 

0 

0 

0 

I 

59.15018 

[ 

8 

1 

361 .020007456 

361 

0 

28 

40 ; 

(Sch.) 2.171973 

2 

4 7 

38i 

77 

45 

36 

.350 

27 

36 

4 

50.15240 

1 » 

— 


- 

- 


1 

1 



1 

77 

45 

36 

357 

2 

53 


— 

! w 

361.026070805 

361 

0 

38 

50 

j 

(Soh.) 2.171972 

2 

4 7 

38 j 

77 

45 

30 

357 

7 

12 


— 


12 361.026721029 301 0 38 29 I;}®^ 2 4 8 isf I ” ^ \ « « 0 4 60.14683 

IS 861.020007466 361 0 28 40 (Suh.) 2.171073 2 4 7 381 ^ 40 36 350 27 30 4 60.15240 

14 361.034661064 361 0 40 64 lilO^ 2 4 3 7 48 ! 0 0 0 4 .TO. 14206 
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TABLE XXXVIII.A. 

Time of apparent Mesha samkranti by the First Arya Sidohanta. 

(Conforming to Table I. of the Indian CaUndar.) 


I. concurrent in. commencement of I I. concurrent III. COMMENCEMENT OF 


YEAR. 

THE HOLAR YEAR. 

- ^ 

YEAR 


THE SOLAR YEAR. 


1 

j 

i i 
! 1 

OhriRiian 

Day 

and month 
A.D. 

Time of apparent 
MSfllia flaihkrfinti. 

i 

1 


! 

lohriatian 

Day 

and month 
A.D. 

Time of apparent 
M8sha samkranti. 

Kali. 

Saka. 

> 

• 1 

Year. 

1 

1 

J 

Week 

By the 
Ut Arya 
Siddh. 

A 

A 

1 

; Year, 

! 

Week 

By the 
iRt Arya 
Siddh. 



i 1 



day. 





1 "D n 


day. 



i 

I D 



1 

1 

H. M. 






H. M. 

1 

! 2 

i 

i » 

! ^ 

15 

1 


17 

1 

1 

2 

3 

I 5 

13 

1 

14 

17 

a044 



! 

59-58 

1 

, 14 Mar. (73) 

1 

1 5 Thur. 

0 25 

3082 

1 

38 

1 *21-20 

13 Mar. (73) 

3 Tues. 

20 20 

3045 

— 

' 1 

! 58-57 

, 14 Mar. (73) 

: 0 Fri. 

1 0 37 

3083 

— 

39 

! 20-19 

14 Mar. (78) 

5 Thur. 

2 32 

3040 

— 

2 

♦57-50 

13 Mar. (73) 

0 Sal . 

12 60 

3084 

— 

40 

1 19-18 

14 Mar. (78) 

6 Fri. 

8 45 

3047 

— 

’ 3 

50-55 

! 13 Mar. (72) 

1 8un. 

10 2 

3086 


41 

i 18-17 

14 Mar. (73) 

0 Sat. 

14 67 

3048 

— 

4 

55*^54 

14 Mar. (73) 

3 Tuep. 

1 15 

3080 


42 

1 *17-10 

13 Mar. (73) 

] Sun. 

21 10 

3049 

— 

, 5 

54-53 

' 14 Mar. (73) 

4 Wed. 

7 27 

3087 

1 — 

1 

j 16-15 

14 Mar. (73) 

3 Tues. 

3 22 

3050 

— 

0 

♦53-52 

13 Mar. (73) 

•5 Thur. 

1 13 40 

3088 



15-14 

14 Mar. (73) 

4 Wed. 

9 35 

3051 

— 

7 

52-51 

13 Mar. (72) 

OFri. 

1 19 52 

3089 


1 45 

14-18 

14 Mar. (73) 

5 Thur. 

16 47 

3053 

— 

8 

51-50 

14 Mar. (73) 

, 1 Sun. 

‘ 2 5 

3090 


; 46 

*1.3-12 

13 Mar. (78) 

6 Fri. 

22 0 

3053 


' 0 

50-40 

■ 14 Mar. (73) 

2 Mon. 

8 17 

3091 

1 

! 47 

12-11 

14 Mar. (73) 

1 Sun. 

4 12 

3054 

— 

10 

♦49-48 

13 Mar. (73) 

3 Tueft. 

14 30 

3092 

! — 

48 

11-10 

14 Mar. (78) 

2 Mon. 

10 25 

3055 

— 

11 

48-47 

13 Mar. (72) 

4 Wed. 

20 42 

3093 

j 

49 

10- 9 

14 Mar. (73) 

3 Tues. 

16 37 

3050 

— 

: 12 

47-40 

14 Mar. (73) 

OFri, 

2 55 

3094 

— 

50 

*9- 8 

13 Mar. (73) 

4 Wed. 

22 50 

3057 

— 

: 13 

46-45 

14 Mar. (73) 

0 Sat. 

0 7 

3095 

— 

61 

8- 7 

14 Mar. (73) 

6 Fri. 

5 2 

3058 

— 

: 14 

♦45-44 

13 Mar. (73) 

1 Sun. 

15 20 

3090 

— 

52 

7- 0 

14 Mar. (73) 

OSat 

11 15 

3050 

— 

i 15 

44-43 

13 Mar. (72) i 

2 Mon. 

21 32 

3097 

i “ i 

i 53 

6- 5 

14 Mar. (73) 

1 Sun. 

17 27 

SOW 

— 

10 

43-42 

14 Mar. (73) 

4 Wed. 

3 46 

3098 


*54 

*5- 4 

13 Mar. (78) 

2 Mon. 

23 40 

3001 


; 17 

42-41 i 

14 Mar. (73) 

6 Thur. 

9 67 

3099 

1 — 

55 

4- 3 

14 Mar. (73) 

4 Wed. 

5 62 

3002 

— 

1 18 

*41-40 

13 Mar. (73) 

0 Fri, 

16 10 

3100 

— 

56 

3- 2 

14 Mar. (73) 

5 Thur, 

12 5 

3003 

— 

19 

' 40-39 

13 Mar. (72) | 

0 Sat. 

22 22 

3101 

1 — 

57 

2- 1 

14 Mar. (73) 

6 Fri. 

18 17 

3004 

— 

20 

! 39-38 i 

14 Mar. (73) 

2 Mon. 

4 35 




B.C A.P. 




3065 

1 

21 

i 38-37 

14 'SU.r, (73) 

STuea. 

10 47 

3102 

— 

58 

•1- I 

14 Mar. (74) 

1 Sun. 

0 80 

3000 


j 22 

1 *37-36 

13 Mar. (73) 

4 Wed. 

17 0 




A.D. 




3007 

1 — 

23 

i 36-35 

13 Mar. (72) 

6 Thur. 

23 12 

3103 

— 

59 

1- 2 

14 Mar. (73) 

2 Mon. 

6 42 

3060 

i — 

24 

35-34 

14 Mar. (73) 

OSat. 

5 25 

3104 


60 

2- 3 

14 Mar. (73) 

3 Tues. 

12 56 

3009 

1 — 

< 25 

1 34-33 

14 Mar. (73) 

1 Run. 

11 37 

3105 

1 

61 

3- 4 

14 Mar. (73) 

4 Wed. 

19 7 

3070 

— 

< 26 

1 *33-32 j 

13 Mar. (73) 

2 Mon. 1 

17 50 

3106 

— 

62 

*4- 6 

14 Mar. (74) 

OFri. 

1 20 

3071 

' — 

27 

1 32-31 

14 Mar. (73) 

4 Wed. 

0 2 

3107 

— 

63 

5- 6 

14 Mar. (73) 

OSat 

7 82 

3072 

1 — 

1 28 

31-30 

14 Mar. (73) 

5 Thur. 

0 15 

3108 

— 

64 

6- 7 

14 Mar. (73) 

1 Sun. 

13 45 

3073 

( 

1 29 

30-29 

14 Mar. (73) 

OFri. 

12 27 

3109 

— 

65 

7- 8 

14 Mar. (73) 

2 Mon. 

19 57 

3074 

— 

1 30 

*29-28 

13 Mar. (73) 

OSat 

18 40 

3110 

— 

66 

*8- 9 

14 Mar. (74) 

4 Wed. 

2 10 

3075 

— 

1 

28-27 

14 Mar. (73) 

2 Mon. 

0 52 

3111 


67 

9-10 

14 Mar. (73) 

6 Thur. 

8 22 

3070 

— 

32 

27-26 

14 Mar. (73) 

3 Tubs. 

7 6 

3112 

— 

08 

10-11 

14 Mar. (73) 

GFrL 

14 35 

3077 i 

— 

33 

26-26 

14 Mar. (73) 

4 Wed. 

13 17 

3113 

— 

69 

11-12 

14 Mar. (73) 

OSat 

20 47 

3078 

— 

34 

•25-24 

18 Mar. (78) 

5 Thur. 

19 80 

3114 

— 

70 

•12-13 

14 Mar. (74) 

2 Mon. 

3 0 

3079 

— 

36 

24-28 

14 Mar. (73) 

OSat 

1 42 

8116 

— 

71 

13-14 

14 Mar. (73) 

3 Tues. 

9 12 

3060 


86 

23-22 

14 Mar. (73) 

1 Sun. 

7 56 

3116 

— 

72 

14-16 

14 Mar. (78) 

4 Wed. 

16 26 

8081 

— 

87 

22-21 

14 Mar. (78) 

2 Mon. 

14 7 

3117 

— 

78 

16-16 

14 Mar. (78) 

6 Thur. 

81 37 
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TABLE XXXVllLA-contimed, 

Time of apparent Mesha samekranti by the First Arya Siddhanta. 


(Conforming to Table I. of the Indian Calendar.) 


I. CONCURRENT 
YEAR. 

! ni. COMMENCEMENT OF 
THE SOLAR YEAR. 

I. CONCURRENT 
YEAR. 

III. COMMENCEMENT OF 
THE SOLAR YEAR. 

1 

1 

Chaitradi Vikraina. 

Ohriition 

Ywr. 

1 

Day 

and month 
A.D. 

Timeof appa 
MSsha safhki 

rent 

&nti. 

the 

Aryfl 

Idh. 

KalL 

1 

i 

j 

i 1 

1 

Christian 

Year. 

! 

! Day 

1 and month 
A.D. 

1 Time of apparent 

1 Mfisha saiiikr&nti. 

Week 

day. 

By 

1st 

Si( 

1 

i i: 

i 1 


By the 

1st Ary.<i 
Siddh. 

A.D. 

A.D. 

H. 

M. 

1 

M. 

1 

2 

1 

3 

5 

13 

1 

17 

1 

2 

3 

1 

5 

1 13 

1 

! 14 

17 

3118 

i 

74 

! *16-17 

14 Mar. (74) 

1 OSat. 

3 

50 

3166 

i 

112 

5455 

14 Mar. (73) 

5 Thur. 

23 

45 

3119 


75 

' 17-18 

14 Mar. (73) 

1 fiun. 

10 

2 

3157 

— 

! 113 

55-56 

16 Mar. (741 

1 OSat. 

6 

57 

3120 

! — 

70 

; 18-19 

14 Mar. (73) 

2 Mon. 

10 

15 

3158 

— 

114 

•60-67 

1 14 Mar. (74) 

j 1 Sun. 

12 

10 

3121 

1 — 

77 

19-20 

1 14 Mar. (73) 

3 Tuea 

22 

27 

3169 

1 — 

115 

67-58 

14 Mar. (73) 

1 2 Mon. 

18 

22 

3122 

1 — 

78 

1 *20-21 

14 Mar. (74) 

1 5 'j'hur. 

4 

40 

3160 

; — 

j 116 

58-59 

15 Mar. (74) 

4 Wed. 

0 

35 

3123 

— 

79 

i 21-22 

14 Mar. (73) 

6 Fri, 

10 

52 

3161 

, — . 

1 117 

59-60 

16 Mar. (74) 

; 5 Thur. 

0 

47 

3124 

— 

80 

22-23 

14 Mar. (73) 

OSat. 

17 

5 

3162 

, — 

118 

*60-01 

14 Mar. (74) 

6 Fri. 

13 

0 

3126 

1 ___ 

81 

1 28-24 

14 Mar. (73) 

1 Hun. 

23 

17 

3163 

f — 

' 119 

61-62 

14 Mar. (78) 

0 Sat. 

19 

12 

3120 

: — 

82 

•24-25 

14 Mar. (74) 

3 Tues. 

5 

30 

3164 

i — 

! 120 

62-63 

16 Mar. (74) 

1 2 Mon. 

1 

25 

3127 


83 

26-26 

14 Mar. (73) 

4 Wed. 

11 

42 

3105 

— 

121 

03 - 04 

15 Mar. (74) 

3 Tue*. 

7 

37 

3128 


84 

26-27 

14 Mar. (73) 

6 Thur. 

17 

55 

3100 

— 

122 

*64-66 

14 Mar. (74) 

! 4 Wod. 

13 

50 

3129 

— 

85 

27-28 

16 Mar. (74) 

OSat. 

0 

7 

3167 


123 

65-66 

14 Mar. (73) 

' 5 Thur. 

20 

2 

3130 

— 

80 

' *28-29 

14 Mar. (74) 

1 Sun. 

6 

20 

3168 


124 

06-67 

16 Mar. (74) 

1 0 Bat. 

2 

15 

3131 

— 

87 

29-30 

14 Mar. (73) 

2 Mon. 

12 

32 

3169 

— 

125 

67-68 

16 Mar. (74) 

i 1 Sun. 

8 

27 

3132 


88 

30-31 

14 Mar. (73) 

3 Tues. 

18 

45 

3170 

— 

120 

*68-09 

14 Mar. (74) 

2 Mon. 

14 

40 

3133 

— 

89 

31-32 

16 Mar. (74) 

5 Thur. 

0 

57 

3171 

— 

127 

69-70 

14 Mar. (73) 

3 Tues. 

20 

52 

3134 

— 

90 

*32«33 

14 Mar. (74) 

6 Fri. 

7 

10 

3172 

1 

1 

1 128 

i 70-71 

16 Mar. (74) 

5 Thur. 

3 

5 

3135 

— 

91 

33-34 

14 Mar. (73) 

0 Sat. 

13 

22 

3173 



! 129 

71-72 

16 Mar. (74) 

6 Fri. 

9 

17 

8130 

— 

92 

34-35 

14 Mar. (73) 

1 Sun. 

19 

35 

3174 


130 

*72-73 

14 Mar. (74) 

0 Hat. 

15 

30 

3137 

— 

93 

35-30 

15 Mar. (74) 

3 Tues. 

1 

47 

3175 

— 

i 131 

73-74 

14 Mar. (73) 

1 Hun. 

21 

42 

3138 

— 

94 

♦30-37 

14 Mar. (74) 

4 Wed. 

8 

0 

3176 

— 

132 

74-75 

16 Mar. (74) 

3 Tues. 

3 

55 

3139 

— 

95 

37-38 

14 Mar. (73) 

5 Thur. 

14 

12 

8177 

— 

133 

76-76 

16 Mar. (74) 

4 Wod. 

10 

7 

3140 

— 

96 

38-39 

14 Mar. (73) 

6 Fri. 

20 

25 

3178 

^ 1 

134 

*76-77 

14 Mar. (74) 

5 Thur. 1 

16 

20 

3141 

— 

97 

39-40 

16 Mar. (74) 

1 Sun. ! 

2 

37 

3179 


135 

77^78 

14 Mar. (73) 

6 Fri. 

22 

32 

3142 


98 

*40-41 

14 Mar. (74) 

2 Mon. 

8 

60 

3180 

1 

1.36 

78-79 

16 Mar. (74) 

1 1 Sun. ! 

4 

45 

3143 

— 

99 

41-42 

14 Mar. (73) 

3 Tues. 

15 

2 

3181 

2 

137 

70-80 

16 Mar. (74) 

2 Mon. 

10 

57 

3144 


100 

42-48 

14 Mar. (73) 

4 Wed. 1 

21 

15 

3182 

3 

138 

*80-81 

14 Mar. (74) 

3 Tues. 

17 

10 

3145 

— 

101 

43-44 

16 Mar. (74) 

6 Fri. 

3 

27 

3183 

4 

139 

81-82 

14 Mar. (73) 

4 Wed. 1 

23 

22 

3146 

— 

102 

*44-45 

14 Mar. (74) 

OSat. 

9 

40 

3184 

5 

140 

82-83 

16 Mar. (74) 

6 Fri. j 

5 

35 

3147 

— 

103 

45-40 

14 Mar. (73) 

1 Sun. 

15 

52 

3185 

0 

141 

83-84 

16 Mar. (74) 

0 Sat. 

11 

47 

3148 


104 

46-47 

14 Mar. (73) 

2 Mon. 

22 

5 

3186 

7 

142 1 

*84-85 

14 Mar. (74) 

1 Sun. 

18 

0 

3149 

— 

105 

47-48 

16 Mar. (74) 

4 Wed. 

4 

17 

3187 

8 

143 i 

85-86 ’ 

13 Mar. (74) 

3 Tues. 

0 

12 

3150 

— 

106 

*48-49 

14 Mar, (74) 

5 Thur. 

10 

so 

3188 1 

9 

144 1 

86-87 , 

16 Mar. (74) 

4 Wed. 1 

6 

25 

3151 

— 

107 

49-50 

14 Mar. (73) 

6 Fri. 1 

16 

42 

3189 1 

10 

145 

87-88 i 

16 Mar. (74) 

5 Thur. 

12 

37 

3152 

— 

JOS 

50-51 

14 Mar. (73) 

0 Sat. 

22 

55 

3190 

11 

140 : 

*88-89 1 

14 Mar. (74) 

0 Fri. 

18 

50 

3153 

— 

109 

51-52 ; 

16 Mar. (74) 

2 Mon. 

5 

7 

3191 

12 

147 

89-90 : 

16 Mar. (74) 

1 Sun. 

1 

2 

3154 

— 1 

no ' 

*52-53 

14 Mar. (74) 

3 Tues. ' 

11 

20 

3192 1 

13 

148 ; 

90-91 1 

16 Mar. (74) 

2 Mon. 

7 

15 

3155 

1 


53-54 

14 Mar. (73) 

4 Wed. j 

17 

32 

3193 j 

14 

149 1 

91-92 1 

1 

16 Mar. (74) 

3 Tues. 

13 

27 
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TABLE XXXVIII.A — continued. 


Time of apparent Mesha SAMKRiiNTi by the First Arya SiddhXnta. 

(Conforming to Table I. of the Indian Calendar.) 


I. CONCURRENT 
YEAR 

in. COMMENCBMBNT OF 
THE SOLAR YEAR. 

1. 

CONCURRENT 

YEAR. 

ni COMMENCEMENT OF 
THE SOLAR YEAR. 


1 

1 

1 

Christian 

Year. 

Day 

and month 
A.D. 

Time of apnarent 
Mdsha samkranti. 

.j 

3 

J 

1 

Christian 

Year. 

Day 

and month 
A.D. 

Time of apMrent 
MSsha samkr&nti. 

Week 

day. 

By the 
1st Arya 
Siddh. 

Week 

day. 

By the 

1st Arya 
Siddh. 

A.D. 

A.D. 

H. 

M. 

He 

M. 1 

1 

2 

3 

5 

13 

14 

17 

1 

2 

3 

5 

13 

14 

17 

3194 

15 

150 

*92-93 

14 Mar. (74) 

4 W>d. 

19 

40 

8232 

63 

188 

130-81 

15 Mar. (74) 

3 Tues. 

15 

35 

310S 

16 

151 

93-94 

15 Mar. (74) 

6 Kri. 

1 

52 

3233 

54 

189 

131-32 

15 Mar. (74) 

4 Wed. 

21 

47 

3190 

17 

152 

94-95 

13 Mar. (74) 

OSat. 

8 

5 

3234 

55 

190 

*132-33 

15 Mar. (75) 

6 Fri. 

4 

0 

3197 

18 

153 

95-96 

15 Mar. (74) 

1 Sun. 

14 

17 

8235 

56 

191 

133-34 

15 Mar. (74) 

0 Sat. 

10 

12 

3108 

19 

154 

*90-07 

14 Mar. (74) 

2 Mon. 

20 

30 

3236 

57 

192 

134-35 

IS Mar. (74) 

1 Sun. 

16 

25 

3199 

20 

155 

97-98 

15 Mar. (74) 

4 Wed. 

2 

42 

3237 

58 

193 

la35-30 

15 Mar. (74) 

2 Mon. 

S2 

37 

3200 

21 

156 

98-99 

15 Mar. (74) 

6 Thnr. 

8 

55 

3238 

59 

194 

*136-37 

15 Mar. (75) 

4 Wed. 

4 

50 

3201 

22 

157 

99-100 

15 Mar. (74) 

6Fri. 

15 

7 

3239 

60 

195 

137-38 

15 Mar. (74) 

5 Thur. 

11 

2 

3202 

23 

158 

•100-01 

14 Mar. (74) 

OSat. 

21 

20 

3240 

61 

196 

138-39 

15 Mar. (74) 

6 Fri. 

17 

15 

3203 

24 

159 

101-02 

15 Mar. (74) 

2 Mon. 

3 

32 

8241 

02 

197 

139-40 

IS Mar. (74) 

0S»t. 

23 

27 

3204 

25 

160 

102-03 

15 Mar. (74) 

3 Tues. 

9 

45 

3242 

63 

198 

*140-41 

15 Mar. (75) 

2 Mon. 

5 

40 

3205 

26 

161 

103-04 

15 Mar. (74) 

4 Wed. 

15 

37 

3243 

64 

199 

141-42 

IS Mar. (74) 

3 Tues. 

11 

52 

3206 

27 

102 

*104-05 

14 Mar. (74) 

5 Thur. 

22 

10 

3244 ‘ 65 

200 

142-43 

15 Mar. (74) 

4 Wed. 

18 

5 

3207 

28 

103 

100-06 

15 Mar. (74) 

OSat. 

4 

22 

3245 

00 

201 

143-44 

16 Mar. (75) 

6 Fri. 

0 

17 

3208 

29 

164 

106-07 

15 Mar. (74) 

ISun. 

10 

35 

3240 

07 

202 

*144-45 

15 Mar. (75) 

0 Sat. 

0 

30 

3209 

30 

165 

107-08 

15 Mar. (74) 

2 Mon. 

16 

47 

3247 

68 

203 

145-46 

15 Mar. (74) 

1 Sun. 

12 

42 

3210 

i 31 

160 

1*108-09 

14 Mar. (74) 

3 Tues. 

23 

0 

3248 

69 

204 

146-47 

: 15 Mar. (74) 

2 Mon. 

18 

55 

3211 

> 32 

167 

1 109-10 

15 Mar. (74) 

5 Thur. 

5 

12 

3249 

70 

205 

147-48 

16 Mar. (75) 

4 Wed. 

1 

7 

3212 

j 33 

! 168 

! 110-11 

15 Mar. (74) 

6 Fri. 

11 

25 

3260 

71 

200 

*148-49 

15 Mar. (75) 

5 Thur. 

7 

20 

3213 

1 34 

i 169 

1 111-12 i 

15 Mar. (74) 

0 Sat. 

17 

37 

3251 

72 

207 

149-50 

15 Mar. (74) 

6 FrL 

13 

32 

3214 

1 35 

170 1*112-13 

14 Mar. (74) 

1 Sun. 

23 

50 

3252 

73 

208 

150-51 

15 Mar. (74) 

0 Sat. 

19 

45 

3215 

36 

171 

113-14 

15 Mar. (74) 

3 Tuei. 

6 

2 

3253 

74 

209 

151-62 

16 Mar. (75) 

2 Mon. 

1 

57 

3216 

' 37 

172 1 114-15 

15 Mar. (74) 

4 Wed. 

12 

15 

3264 

75 

210 

•152-58 

15 Mar. (75) 

3 Tues. 

8 

10 

3217 

' 38 

173 

115-16 

15 Mar. (74) 

5 Thur. 

18 

27 

3255 

76 

211 

153-54 

15 Mar. (74) 

4 Wed. 

14 

22 

3218 

. 3® 

174 *116^7 

1 15 Mar. (76) 

0 Sat. 

0 

40 

3256 

77 

212 

154-55 

15 Mar. (74) 

5 Thur. 

20 

35 

3219 

, 40 

175 

117-18 

15 Mar. (74) 

1 Sun. 

6 

52 

8267 

78 

213 

155-56 

16 Mar. (75) 

OSat. 

2 

47 

3220 


176 

118-19 

15 Mar. (74) 

2 Mon. 

13 

5 

3258 

79 

214 

*156-57 

15 Mar. (75) 

1 Sun. 

9 

0 

3221 

42 1 177 

119-20 

16 Mar. (74) 

3 Tues. 

i 

17 

3259 

80 

215 

157-58 

15 Mar. (74) 

2 Mon. 

15 

12 

3222 

43 

178 

,*120-21 

15 Mar. (76) 

5 Thur. 

1 

30 

3260 

81 

216 

158-59 

15 Mar. (74) 

3 Tues. 

21 

25 

8223 

44 

179 

' 121-22 

15 Mar. (74) 

6 Fri. ! 

7 

42 

3261 

82 

217 

159-60 

16 Mar. (75) 

5 Thur. 

3 

37 

3224 

45 

180 

122-23 

15 Mar. (74) 

OSat. 

13 

55 

3202 

83 

218 

*160-61 

15 Mar. (75) 

6 Fri 

9 

50 

3225 

46 

181 

1 123-24 

15 Mar. (74) 

1 Sun. 

20 

7 

3263 

84 

219 

161-62 

15 Mar. (74) 

OSat. 

16 

2 

8226 

47 

182 

*124-25 

15 Mar. (76) 

8 Tues. 

2 

20 

3264 

85 

220 

162-63 

15 Mar. (74) < 

1 Sun. 

22 

15 

8227 

48 

183 

125-26 

15 Mar. (74) 

4 Wed. 

8 

32 

3265 

86 

221 

163-64 

16 Mar. (75) 

3 Tues. 

4 

27 

8228 

49 

184 

126-27 

16 Mar. (74) 

5 Thur. 

14 

45 

3266 

87 

222 

*164-65 

15 Mar. (75) 

4 Wed. 

10 

40 

3229 

50 

185 

127-28 

15 Mar. (74) 

6 Fri 

20 

67 

3207 

88 

223 

165-66 

15 Mar. (74) 

5 Thur. 

16 

52 

3280 

51 

186 

*128-29 

15 Mar. (75) 

1 Sun. 

3 

10 

8208 

89 

224 

166-67 

15 Mar. (74) 

6 Fri. 

23 

5 

3231 

52 

187 

129-80 

16 Mar. (74) 

2 Mon. 

9 

22 

3269 

90 

225 

167-68 

16 Mar. (75) 

1 Sun. 

5 

17 
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TABLE XXXVin.A — continued. 


Time of apparent Mesha samkranti bv the First Arya Siddhanta. 
(Conforming to Table I. of the Indian Calendar.) 


I. CONCURRENT 
YEAR. 

IIL COMMENOEMENl' OF 
THE SOLAR YEAR. 

I. 

CONCURRENT 

YEAH. 

T III. COMMENCEMENT OF 
; THE SOLAR YEAR. 

i 

/ 

i? 

1 

ChriBtiar 

Year. 

Day 

and month 
A.D. 

Time of 
M5flha 

1 ' 

Week 

day. 

ipparent 

Mtakranti. 

By tho 
Ist Arya 
Siddh. 

4 

K 

4 

i 

laitradi Vikrama. 

i 

1 

OhriHtian 

Year, j Day 

1 and nionth 

1 A.D. 

Time of 
M5sha R 

Week 

day. 

a}>parent 

EnnkrSnti. 

By tho 
let Arya 
Siddh. 



6 

A.D. 







A.D. 




1 





H. 

M. 



o 



H. 

M. 1 

1 

2 

3 

5 

13 

14 

17 

1 

2 

3 

5 

13 

14 

17 

3270 

1 

01 

220 

1 

*168-09 

15 Mar. (76) 

2 Mon. 

11 

30 

3308 

120 

264 

206-07 

10 Mar. (76) 

1 

1 1 Sun. 

7 

25 

3271 

92 

227 

169-70 

15 Mar. (74) 

3 Tnos. 

17 

42 

3309 

130 

206 

207-08 

10 Mar. (75) 

2 Mon. 

13 

37 

3272 

03 

228 

170-71 

15 Mar. (74) 

4 Wed. 

23 

55 

3.810 

131 

200 

*208-09 

16 Mar. (75) 

3 3’ nos. 

19 

50 

3273 

94 

229 

171-72 

16 Mar, (76) 

6 Fri. 

6 

7 

3311 

132 

267 

200-10 

16 Mar. (75) 

5 Thur. 

2 

2 

3274 

95 

230 

•172-73 

15 Mar. (76) 

OSat. 

12 

20 

3312 

1»3 

268 

210-11 

10 Mar. (76) 

6 Fri. 

8 

15 

3275 

90 

231 

173-74 

16 Mar. (74) 

1 Sun. 

18 

32 

.3313 

134 

269 

211-12 

10 Mar. (75) 

0 Sat, 

14 

27 

3276 

97 

232 

174-75 

16 Mar. (75) 

3 Tue». 

0 

45 

3314 

136 

270 

*212-13 

16 Mar. (76) 

1 Sun. 

20 

40 

3277 

98 

233 

175-76 

16 Mar. (75) 

4 Wod. 

6 

57 

3315 

136 

271 

213-14 

10 Mar. (76) 

3 Tu<*r. 

2 

52 

3278 

99 

234 

*170-77 

15 Mar. (76) 

5 Thur* 

13 

10 

.3316 

137 

272 

214-15 

10 Mar. (76) 
10 Mar. (76) 

4 Wed. 

9 

5 

3279 

100 

235 

177-78 

15 Mar. (74) 

6 m 

19 

22 

3317 

138 

273 

215-16 

5 Thur. 

15 

17 

3280 

101 

236 

178-79 

16 Mar. (75) 

1 Sun. 

1 

35 

3318 

139 

274 

*216-17 

16 Mar. (76) 

6 Fri. 

21 

30 

3281 

102 

237 

170-80 

16 Mar. (75) 

2 Mon. 

7 

47 

3319 

140 

275 

217-18 

10 Mar. (76) 

1 Sun. 

3 

42 

3282 

103 

238 

•180-81 

16 Mar. (76) 

3 I’ues, 

14 

0 

3320 

141 

270 

218-19 

16 Mar. (75) 

2 Mon. 

9 

55 

3283 

104 

239 

181-82 

15 Mar. (74) 

4 AVed. 

20 

12 

3321 1 

142 

277 

219-20 

10 Mar. (76) 

3 Tuos. 

16 

7 

3284 

105 

240 

182-83 

16 Mar. (76) 

6 Fri. 

2 

25 

3322 

143 

278 

*22021 

15 Mar. (75) 

4 Wed. 

22 

20 

3285 

106 

241 

183-84 

16 Mar. (76) 

OSat. 

8 

87 

3323 1 

144 

279 

221-22 

10 Mar. (76) 

6 Fri. 1 

4 

32 

3286 

107 

242 

*184-85 

16 Mar. (76) 

1 Sun. 

14 

50 

3324 

145 

280 

222-23 

16 Mar. (75) 

OSat. 

10 

45 

3287 

108 

243 

185-86 

15 Mar. (74) 

2 Mon. 

21 

2 

3325 

146 

281 

223-24 

10 Mar. (76) 

1 Sun. 

16 

57 

3288 

100 

244 

186-87 

16 Mar. (75) 

4 Wotl. 

3 

15 

3326 

147 

282 

*224 25 

16 Mar. (76) 

2 Mon. 

23 

10 

3289 

no 

245 

187-88 

16 Mar. (76) 

5 Thur. 

9 

27 

3327 

148 

283 

22.'i 20 

16 Mar. (75) 

4 Wed. i 

5 

22 

3290 

111 

246 

*188-89 

15 Mar. (75) 

6 Fri. 

15 

40 

3328 

149 

284 

226-27 

16 Mar. (75) 

5 Thur. I 

11 

35 

3201 

112 

247 

189-90 

15 Mar. (74) 

0 Sat. 

21 

52 

3329 

150 

285 

227-28 

10 Mar. (76) 

6 Fri. j 

17 

47 

3292 

113 1 

248 

190-01 

16 Mar. (75) 

2 Mon. 

4 

5 

3330 

151 

280 

*228-29 

16 Mar. (76) 

1 Sun. i 

0 

0 

3293 

114 1 

249 

191-92 

16 Mar. (75) 

3 Tuos. ' 

10 

17 

3331 

152 

287 

229-30 

16 Mar. (76) 

2 Mon, i 

6 

12 

3294 

115 

250 

*192^93 

15 Mar. (75) 

4 Wed. i 

10 

30 

3332 

153 

288 

230-31 

16 Mar. (76) 

3 Tues. 1 

12 

25 

3295 

no 

251 

193-94 

15 Mar. (74) 

6 Thur, 

22 

42 

3333 

154 

289 

231-32 

10 Mar. (76) ' 

4 Wc<l. 1 

18 

37 

3296 

117 

252 

104-95 

16 Mar. (75) 

0 Sat. 1 

4 

55 

3334 

155 

290 

*232 33 

10 Mar. (70) 

6 Fri. 

0 

50 

3297 

118 

253 

196-96 

16 Mar. (75) 

1 Sun. 

11 

7 

3335 

156 

291 1 

233-34 

10 Mar. (76) 

0 Sat. 

7 

2 

3298 

119 

254 

*196-97 

15 Mar. (75) 

2 Mon. 

17 

20 

3336 

157 

292 

234-35 

10 Mar. (76) 1 

1 Sun. 

13 

15 

3290 

120 

255 

197-98 

15 Mar. (74) 

3 Tuee. 

23 

32 

3337 

158 

293 

235-36 

10 Mar. (76) i 

2 Mon. 

19 

27 

3300 

121 

256 

198-90 

16 Mar. (75) 

5 Thur. 

5 

45 

3338 

159 

294 

*236-37 ' 

10 Mar. (70) 

4 Wed. 

1 

40 

3301 

122 

257 

199-200 

16 Mar. (75) 

6 Fri. 

11 

57 

3339 

160 

295 

237-38 

10 Mar. (76) 

5 Thur. 

7 

52 

3302 

123 

258 

•200-01 

15 Mar. (75) 

0 Sat. 

18 

10 

3340 

161 

296 i 

238-39 

10 Mar. (76) 

6 Fri. 

14 

5 

3303 

124 

259 

201-02 

16 Mar. (75) 

2 Mon. 

0 

22 

3341 

162 

297 

239-40 

10 Mar. (76) 

OSat. 

20 

17 

3304 

125 

260 

202-03 

16 Mar. (75) 

3 Tuos. 

6 

35 

3342 

163 

298 

*240-41 

10 Mar. (70) 

2 Mon. 

2 

30 

3305 

126 

261 

203-04 

16 Mar. (75) 

4 Wod. 

12 

47 

3343 

164 

299 

241-42 

10 Mar. (76) 

3 Tuea 

8 

42 

3306 

127 

262 

•204-05 

15 Mar. (75) 

5 Thur. 

19 

0 

3344 

165 

300 

242-43 

10 Mar. (76) 

4 Wed. 

14 

55 

3307 

128 

263 

205-06 

16 Mar. (75) 

. 

OSat. 

1 

12 

3345 

166 

301 

243-44 

10 Mar. (76) 

5 Thur. 

21 

7 
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TABLE 'XXXWm.k—contimted. 


Time of apparent MIsha saimkrAnti by the First Arya Siddh/Inta. 

(Conforming to Table I. of the Indian Calendar.) 


1. 

CONCURRENT 

YEAR. 

IIL COMB4BNCEMENT OF 
THE SOLAR YEAR. 

I. 

CONCURRENT 

YEAR. 

m. COMMBNOBMENT OF 
THE SOLAR YEAR. 


J 


Christian 

Time of apparent 
MOeha toihln’&nti. 

i 

i 

b Christian 

Time of a 
MOshasa 

pporent 

mcrintl 

1 

Year. 

Day 

and month 

•A.D. Week 

By the 
1st Arya 
Siddh. 

1 Y.m. 

1 A.l>. 

Day 

and month 

Week 

By the 

1st Arya 
Siddh. 




A.D. 

day. 

H. 

M. 




day. 

H. 

M.' 

■ 

2 

3 

5 

13 14 

17 

1 

2 

3 5 

13 14 

17 

3340 

167 

302 

*244-45 

10 Mm. (76) 0 Set. 

3 

20 

3384 

205 

340 282-83 

10 Mm. (76) 6 Thur. 

23 

15 

3347 

168 

303 

248-40 

16 Mar. (75) 1 Sun. 

9 

32 

3385 

200 

841 283-84 

17 Mm. (76) 0 Sat. 

5 

27 

3348 

109 

304 

246-47 

16 Mar. (75) 2 Mon. 

15 

45 

3380 

207 

342 *284-85 

16 Mm. (76) 1 Sua 

11 

40 

3349 

170 

305 

247-48 

16 Mar. (76) 3 Tuob. 

21 

57 

3387 

208 

343 286-80 

10 Mar. (75) 2 Mon. 

17 

52 

3350 

171 

306 

*248-49 

16 Mar. (76) OThur. 

4 

10 

3388 

209 

344 286-87 

17 Mar. (76) 4 Wed. 

0 

5 

3351 

172 

307 

249-50 

16 Mar. (75) 6 Fri 

10 

22 

3389 

210 

345 287-88 

17 Mar. (76) 6 Thur. 

0 

17 

3352 

173 

308 

250-51 

16 Mar. (75) 0 Sat. 

10 

35 

3390 

211 

346 *288-89 

10 Mm. (76) 6 Fri. 

12 

30 

3353 

174 

309 

251-52 

16 Mat. (76) 1 Sua 

22 

47 

3391 

212 

347 289-90 

10 Mm. (76) 0 Sat. 

18 

42 

3354 

178 

310 

•262-83 

16 Mm. (70) 3 Tuee. 

5 

0 

3392 

213 

348 290-91 

17 Mm. (70) 2 Moa 

0 

55 

3355 

176 

311 

253-54 

16 Mm. (75) 4 M’ed. 

11 

12 

3393 

214 

349 291-92 

17 Mar. (70) 3 Tues. 

7 

7 

3356 

177 

312 

254-55 

16 Mm. (76) 6 Thur. 

17 

25 

3394 

215 

350 *292-93 

10 Mar. (70) 4 Wed. 

13 

20 

3357 

178 

313 

285-50 

16 Mar. (76) 0 Fri. 

23 

37 

3395 

216 

351 293 94 

16 Mm. (76) 6 Thur. 

19 

32 

3358 

179 

314 

*250-57 

16 Mar. (76) 1 Sua 

6 

50 

3396 

217 

352 294-95 

17 Mm. (76) 0 Sat. 

1 

45 

3359 

180 

315 

267-58 

16 Mar. (76) : 2 Moa 

12 

2 

3397 

218 

353 295-90 

17 Mm. (76) 1 Sua 

7 

57 

3360 

181 

316 

258-59 

16 Mar, (75) 3 

18 

15 

3398 

219 

354 *290-97 

16 Mm. (76) 2 Moa 

14 

10 

3301 

182 

317 

259-60 

17 Mar. (76) 8 Thur. 

0 

27 

3399 

220 

355 297-98 

10 Mar. (75) 3 Tuea 

20 

22 

3362 

183 

318 

*260-61 

10 Mm. (76) 0 FrL 

6 

40 

3400 

221 

356 298-99 

1 17 Mar. (76) 5 Thur. 

2 

35 

3303 

184 

319 

261-62 

10 Mar. (78) ' 0 Sat. 

12 

52 

3401 

222 

357 299-300 

17 Mar. (70) 6 Fri 

8 

47 

3364 

185 

320 

202-63 

16 Mm. (76) { 1 Sua 

19 

5 







3365 

186 

321 , 

263-64 

17 Mar. (76) j 3 Tueo. 

1 

17 







3366 

187 

1 322 

*264-65 

16 Mar. (76) I 4 Wed. 

7 

30 


For later years see Table I., Indian Calendar, 


3367 

188 

323 

265-66 

16 Mm. (76) j 5 Thur. 

13 

42 







3368 

189 

1 324 

266-67 

16 Mm. (76) 6 Fri. 

19 

55 







3369 

190 

325 

267-68 

17 Mm. (76) ! 1 Sua 

2 

7 







3370 

191 

326 .*268-69 

16 Mm. (76) 2 Moa 

8 

20 







3371 

192 

327 

269-70 

16 Mar. (76) 3 Tuee. 

14 

32 







3372 

193 

328 

270-71 

10 Mm. (76) 4 Wed. 

20 

45 







3373 

194 

329 

271-72 

17 Mm. (76) 6 Fri 

2 

57 







3374 

195 

330 

*272-78 

16 Mm. (76) OSat. 

9 

10 







3375 

196 

331 

273-74 

16 Mm. (76) 1 Sua 

15 

22 







3370 

197 

332 

274-76 

16 BIm. (76) 2 Moa 

21 

35 







3377 

198 1 

333 

276-70 

17 Mar. (76) 4 Wed. 

3 

47 







3378 

1 199 j 

334 

•270-77 

16 Mm. (76) 6 Thur. 

10 

0 







3379 

1 200 

335 

277-78 

10 Mm. (76) OFri 

16 

12 







3380 1 

1 201 1 

336 

278-79 

10 Mar. (76) 0 Sat. 

22 

25 







3381 1 

202 

337 

279-80 

17 Mm. (70) 2 Moa 

4 

37 







3382 1 

1 203 1 

338 

*280-81 

10 Mm. (76) STuee. 

10 

50 







3383 1 

1 

1 ^ 

1 

339 

281-82 

16 Mar. (76) 4 Wed. 

17 

2 
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J. CONCURRENT YEAR. 


II. ADDED LUNAR MONTHS. 



d i 
" 1 

t 

It 

rl 

1 

|i 

Kollam, 

1 

1 

1 

A.D. 

Samvatsarn. 

True 

1 ■ 
1 

1 

1 

4 

OD j 

1 

1 

Luni -Solar 
cycle. 

(Southern.) 

i 

I 6 

Brihatjpati 
'cycle 
(Northern) 
current 
at M§sha 
aamkranti. 

7 

Name of 
month. 

8 

Time of the 
preceding 
samkranti 
expressed in 

Time 

succ 

saiK 

expr 

§5 

I'h 

of the 
eedin{|^ 
ikranti 
esBod in 


1 

IS 

It 

9 

\ 

1 

2 

' 3 

1 3a 

i 4 

1 0 

\ 10 

12 

S003 

1824 

1959 

1308 

1076-77 

1901-02 

35 Plava 

47 Pramadin . . . 

4 Adiidha .. 

« 

0161 

27.483 

3 

0.009 

5004 

1825 

1960 

1309 

1077-78 

1902-03 

36 Siihhak***t‘ 

48 Ananda . . . . 






5005 

1826 

1961 

1310 

1078-79 

1903-04 

37 • - t . 

49 R&kehaaa . .. 






5006 

1827 

1962 

1311 

1070-80 

*1904-05 

38 Kr5dhiu . . . . 

50 Anala 

3 JySshtha .. 

9402 

28.200 

60 

0.180 

5007 

1828 

1063 

1312 

1080-81 

1905-06 


51 Pinjrala . . . . 






5008 

1829 

1964 

1313 

1081 82 

1006-07 

40 Parabhava ■ . 

5J^ Kf^fA.y^ikta . . 






6009 

1830 

1965 

1314 

1082-83 

1007-08 

41 Plavanga 

5.3 Siddharthin . 

1 Chaitra .... 

9956 

29.868 

228 

0.684 

5010 

1831 

1966 

1315 

1083-84 

*1008-00 

42 Kilaka 

54 Haudra • • . • 






5011 

1832 

1067 

1316 

1084-85 

1000-10 

43 Saumya 

55 llurmati .... 

5 Sravana . .. 

0520 

28.660 

150 

0.477 

5012 

1833 

1968 

1317 

1085-86 

1010 11 

44 Sfirdharana < . 

56 l.)undubhi . . 






5013 

1834 

1969 

1318 

1086-87 

1911-12 

45 VirOdhakrit' ■ 

57Rudhir5dgarin 






5014 

1835 

1970 

1319 

1087-88 

*1912-13 

46 Paridhavin . 

58 Raktakflha .. 

4 Aflhadha . . 

9586 

28.758 

4fi0 

1.360 

5015 

1836 

1971 

1320 

1088-80 

1013-14 

47 Prainadiu 

50 KrOdhana 





1 

5016 

1837 

1972 

1321 

1089-90 

1914-15 

48 Ananda .... 

60 Kshaya .... 





{ 

5017 

1838 

1973 

1322 

1000-91 

1015 16 

49 Baktthasa , .. 

1 Prabhava . . . 

2 Vaiiakha .. 

9714 

29.142 

111 

0.333 

5018 

1830 

1974 

1323 

1091-92 

*1916-17 

50 Air^la - 

2 Vibhava .... 






5019 

1840 

1976 

1324 

1092-93 

1917-18 

51 Pingala .... 

3 Sukla 

6 Bhadrapada 

9638 

28.914 

50 

0.150 

5020 

1841 

1976 

1325 

1093-04 

1918-19 

52 Kalavukta 

4 PramOda • . . 






5021 

1842 

1977 

1326 

1094-95 

1919-20 

53 Siddharthin . 

5 Prajapati . . . 




III It • • 


5022 

1843 

1978 

1327 

1096-06 

*1920-21 

54 Raudra .... 

6 Angiras .... 

5 Sravana . .. 

9994 

29.082 

769 

2.307 

5023 

1844 

1979 

1328 

1096-97 

1921-22 

55 Durmati 

7 Srlznukha . . . 






5024 

1845 

1980 

1329 

1097-08 

1922-23 

a^v laiova 

56 Dundubhi .. 

8 Bh&va 






5025 

1846 

1981 

1330 

1098-99 

1923-24 

57 RudhirOdg&rin 

0 Yttvan 

3 JySshtha .. 

9576 

1 28.728 

145 

0.435 

5026 

1847 

1982 

1331 

1099-1100 

*1924-25 

58 Raktakflha . . 

10 I^hatri 






5027 

1848 

1983 

1332 

1100-01 

1925-26 

59 KrOdhana .. 

11 liyara 
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TABLE XXXVIII.B. 


Ill COMMBNCBHDNT OF THE 

I Luni-SoUr year. (Civil day of Chaitra Sukla 1st.) 


Day 

and month 
A.D. 


Solar year. 

Time of apparent Mfisha samkranti. 


By the Arya By the Sftrya 
iSiddh£nta. 


Gh, Pa. H. M. Gh. Pa, : H. M. i 


Day 

and moniii 
A.D. 


At sunrise on 
meridian of Ujjain. 

Mo“im7^ r 


m 


12 AprU (102).. 

em ... 

46 

21 

18 

32 

13 April (103).. 

1 Sun. .. 

1 

52 

0 

45 

13 April (103).. 

2 Mon. . . 

17 

24 

6 

57 

12 April (103) . . 

3 Tues. . . 

32 

55 

13 

10 

12 April (102).. 

4 Wed. .. 

46 

26 

19 

22 

13 April (103).. 

0 Kri. . .. 

3 

57 

1 

36 

13 April (103).. 

0 Sat. . . . 

19 

29 

7 

47 

12 April (103).. 

1 Sun. . . 

35 

0 

14 

0 

12 April (102).. 

2 Mon. .. 

50 

31 

20 

12 

13 AprU (108).. 

4 Wed. .. 

6 

2 

2 

25 

13 April (103).. 

5Thur. .. 

21 

34 

8 

37 

12 AprU (103).. 

0 Fri. . . . 

37 

5 

14 

60 

12 AprU (102).. 

0 Sat. . . . 

52 

36 

i 

21 

2 

13 AprU (103).. 

2Mon. .. 

8 


3 

15 

13 AprU (103).. 

STuea .. 

23 

39 ! 

0 

27 

12 AprU (103).. 

4 Wed. .. 

30 

1 

10 ; 

15 

40 

12 April (102).. 

5 Thur .. 

54 


21 

52 

13 AprU (103).. 

OSftt. ... 

10 

12 

1 

4 

5 

13 AprU (103).. 

1 Sun. . . 

25 

44 

10 

17 

12 AprU (103).. 

2 Mon. . . . 

41 

. 

1 

16 

30 

12 April (102).. 

STues. .. 

66 

46 

22 

42 

13 AprU (103).. 

5 Thur. .. 

12 

17 

4 

65 

18 April (103).. 

6 Fri. ... 

27 

49 1 

11 

7 

12 AprU (108).. 

OSat. . .. 

43 

“i 

17 

20 

12 April (102).. 

1 Sun. . . 

58 

61 1 

28 

32 


3 Id 14 34 5 50 27 Mar. (86) 


20 

21 

22 1 23 

1 

1 24 

1 1 

I 26 J 1 

5 Thur. . . 

177 

.531 82 

047 

217 6003 

4 Wed. .. 

161 

.483 115 

883 

2685004 

2 Mon. . . 

330 

.000 320 

768 

2415005 

6 Fri. , . . 

258 

.774 207 

013 

2106006 

4 Wed. .. 

31 

. 030002 

512 

2585007 

1 Sun. . . 

25 

. 769778 

361 

2276008 

U Fri 

276 

.8250992 

244 

1995009 

5 Thur. .. 

204 

.882 27 

170 

2515010 

2 Mon. . 

67 

.2010902 

28 

2205011 

1 Sun. 

44 

.1329937 

962 

2715012 

6 Fri. ... 

178 

.584 152 

847 

2435018 

3Tuca .. 

38 

.114 27 

693 

2115014 

2 Mon. . . 

100 

.300 62 

630 

2626016 

6 Fri ... 

DO 

.2079938 

476 

2826016 

3Tues. .. 

81 

.243 0813 

324 

2015017 

2 Mon. . . 

128 

.3840848 

260 

2525018 

0 Sat. . . . 

313 

.939 63 

148 

2245019 

6 Fri. ... 

305 

.915 97 

79 

2775020 

3 Tues. . . 

50 

.1509972 

927 

2455021 

1 Sun. .. 

108 

.594 187 

809 

2186022 

OSat. . .. 

222 

.666 222 

746 

2695023 

4 Wed. .. 

160 

.480 98 

504 

2385024 

1 Bun. 

167 

.5019974 

441 

2065026 

0 Sat. . . . 

247 

.741 9 

377 

2576026 

4 Wed. .. 

162 

.4869884 

225 

2276027 


t In cols. 13. 14i the day of the month and the day of the week are to be advanced by one ; see footnote. 

Table L, Indian Calendar, p. liii 
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I., continued.) TABLE XXXYlll.B.^cofdinued. 

m. COMMENCEMENT OF THE 


• “ ' f 

Sokr year. | Luni-Solar year. (Civil day of Cbaitra Sukla Ist.) 


1 










1 


At sunrise on the 


1 

Time of apparent M4sha Bamkr&nti. 




meridian of Ujjain. 


Day 

and month 
A.D. 1 









i 

Day 

and month 
A.D. 


Moon's * 


i 


.p4 

1 

Week 

By the Aryi 
oiddhanta. 

1 

a 


t the SOrya 
liddhanta. 

Week 

day. 

age. 

a. 

h, ; 

C. i 


1 

i 

day. 

Qh. 

Pa.| 

H. : 

M. 

Gh. Pa, 

H. 

M. 


iiPi 

1,5 ! 


1 

. t 



13 

14 

15 

17 

15a 

17a 

19 

20 

21 i 

22 ' 

23 

24 

25 1 

1 

13 April (103).. 

8Tuo8. .. 

14 

22 

5 

45 1 

20 

53 

8 

21 

ir>Mar. (74). .. 

2 Mon. . . 

331 

. 003 ! 

m 

T 

108 

1 

100 

5028 

13 April (103).. 

4 Wed. .. 

20 

64 

11 

57 

1 

36 

25 

14 

33 

3 AprU (03). . . 

1 Sun. . . 

312 

.036 

133 

1 

44 

1 

250 

5029 

12 April (103).. 

SThur. .. 

45 

25 

18 

10 ! 

51 

56 

20 

47 

23 Mar. (82) .. 

5 Thur, . . 

(K) 

.180 

8 

802 

1 

219 

5030 

13 April (103).. 

OSat. ... 

0 

56 

0 

22 

7 

28 

2 

59 

10 April (100).. 

4 Wed. .. 

59 

.177 

43 

828 

271 

5031 

13 April (103).. 

1 Sun. . . 

16 

27 

6 

35 

22 

59 

9 

12 

31 Mar. (90) . . 

2 Mon. . . 

261 

.783 

257 

’"1 

242 

5032 

13 April (103).. 

2 Mon. . . 

31 

50 

12 

47 

38 

31 

15 

24 

20 Mar. (70) .. 

OFri. ... 

225 

.675 

133 

558 

211 

5033 

12 April (103).. 

3Tucb. .. 

47 

30 

19 

0 

54 

2 

21 

37 

7 April (98) .. 

5 Thur. . 

312 

.936 

167 

405 

262 

5034 

13 April (103).. 

STbur. . 

3 

1 

1 

12 

9 

34 

3 

49 

27 Mar. (86) .. 

2 Mon. . . 

301 

.903 

43 

341 

231 

5035 

13 April (103).. 

6Fri. . .. 

18 

32 

7 

25 

25 

5 

10 

2 

16 Mar. (75) .. 

6Fri. ... 

193 

.579 

9920 

189 

201 

5036 

13 April (103).. 

0 Sat. . . . 

34 

4 

13 

37 

40 

37 

16 

14 

4 April (94) . . 

5 Thur. . 

102 

.576 

9954 

124 

251 

5037 

12 April (103).. 

1 Sun. 

49 

35 

19 

50 

56 

8 

22 

27 j 

24 Mar. (84) .. 

3 Tucs. . . 

316 

.948 

109 

7 

224 

5038 

13 April (103).. 

3 Tues. . . 

5 

6 

2 

2 

11 

40 

4 

40 

12 April (102).. 

2 Mon. . . 

204 

.882 

202 

944 

275 

5039 

13 April (103).. 

4 Wed. .. 

20 

37 

8 

15 

27 

11 

10 

53 

1 April (91) .. 

OFri. ... 

83 

.249 

79 

790 

244 

5040 

13 April (108) . . 

5Thur. .. 

30 

9 

14 

27 

42 

43 

17 

5 

22 Mar. (81) .. 

4Wod. .. 

310 

.03(1 

293 

673 

217 

5041 

12 April (103) . . 

0FrL ... 

51 

40 

20 

40 

58 

15 

23 

18 

8 April (99) .. 

2 Mon. . . 

67 

.201 

9989 

574 

265 

5042 

13 April (103).. 

1 Sun. .. 

7 

11 

2 

52 

13 

46 

5 

30 

i 28 Mar. (87) .. 

6Fri. ... 

73 

.219 

9865 

420 

233 

5043 

13 April (103).. 

2 Mon. .. 

22 

42 

9 

5 

29 

17 

11 

43 

1 17 Mar. (76) .. 

3 Tues. .. 

22 

.066 

9740 

268 

203 

5044 

; 13 April (103).. 

STuea .. 

38 

14 

15 

17 

44 

49 

17 

55 

j 6 April (06) . .. 

2 Mon. . . 

49 

.147 

9775 

204 

255 

5045 

! 12 April (103).. 

4 Wed. .. 

53 

45 

21 

30 

to 

21 

to 

8 

i 26 Mar. (86) .. 

1 

0 Sat. . . . 

203 

.609 

9989 

88 

227 

5046 

13 April (103).. 

6Fri. ... 

0 

16 

3 

42 

15 

52 

6 

20 

j 16 Mar. (74). .. 

5 Thur. . . 

323 

.960 

205 

971 

200 

5047 

13 April (103).. 

OSat. . .. 

24 

47 

9 

55 

31 

23 

12 

34 

3 April (03) . . 

4 Wed. .. 

301 

.903 

238 

907 

250 

5048 

13 April (103).. 

1 Sun. . . 

40 

19 

16 

7 

46 

56 

18 

46 

23 Mar. (82) .. 

1 Sun. . . 

115 

.345 

114 

754 

220 

15049 

12 April (103).. 

2 Mon. .. 

55 

50 

22 

20 

t2 

27 

to 

59 

10 April (101).. 

OSat. . .. 

159 

.477 

149 

689 

271 

5050 

IS April (108).. 

4 Wed. .. 

11 

i 

21 

4 

32 

17 

58 

7 

11 

30 Mar. (80) .. 

4 Wed. .. 

131 

.393 

24 

538 

240 

15051 

13 April (103).. 

5 Thur. . 

26 

i 

52 

10 

1 

45 

33 

29 

13 

24 

10 Mar. (78) .. 

1 Sun. . . 

135 

.405 

.9900 

385 

209|5052 


In cols. 13. 14. the day of the month and the day of iho week are to bo advanced by ono ; boo footnoio, 

Table I., Indian CaUndar, p. liil 
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TABLE XXXVIII.C. 

The time of mean Mesha samkranti by the Arya Siddhanta from A.D. 499 to 1075. 

Seeing that in many of the calculations necessary for the verification of Indian dates the moment 
of occurrence of mean Mesha samkranti according to the First Arya Siddhanta has to be ascertained ; 
and since in the text {Example 5) I have advised that this moment be found, first, by taking from the 
Indian Calendar, Table I. (or finding), the moment of true or apparent Mesha samkranti, and, secondly, 
by adding to this the amount of the Arya Siddhanta Sodhya taken as a constant, which addition gives 
the moment of mean Mesha samkranti by that authority — I have now thought it advisable to still 
further save trouble to calculators by giving a Table which at once yields the moment of mean Mesha 
samkranti for a period of 576 years. 

I take the period A.D. 499 to 1075 because it is certain that the moment of mean Mesha samkrfinti 
in A.D. 499 was exactly at 6 h. 0 m. Lanka time, or exactly at noon, on March 21st in that year (§ 162 
above ) ; and this fact provides a sure basis from which to work. Also because both the Original Surya 
Siddhanta and the First Ar)’a Siddhanta were at that moment in exact coincidence, which they were at 
no other time. Starting from that point, the subsequent figures are obtained by adding 6 h. 12.5 m. 
annually : tliis is composed of 12.5 m., the time by which the length of the solar year of the First Arya 
Siddhanta exceeds that of the Julian year, plus the 6 h. which in the Julian calendar are only brought 
to account in each fourth year ; and 24 h. are, of course, retrenched from col. 5 and are added in cols. 2, 3, 4, 
whenever the accumulation of the annual additive amount passes from below to above one complete day. 

The number of years for which the Tabic is given, viz. : 576, is chosen because, with these 
moments of mean MSsha saihkrluiti fixed for such a i)eriod, which covers exactly what we may style a 
cycle of the Mesha samkranti according to this work, it is easy to ascertain the similar moment of any 
year, earlier or later than the i>eriod so covered. The rules given for apparent Mesha samkrantis in 
§§ 47 to 51 apply equally to mean Mesha samkrantis when the time of the latter is known. 

Example. By the Table, mean M^sha samkrinti of A.D. 499 took place on (i) Sunday, March 
2ist, at 6 h. 0 m. By the rule given in § 54, mean Mesha sarhkranti of (499 + 576 = ) A.D. 1075 took 
place on (1 + 4 = ) 5 Thursday (21 + 5 =) March 26th at 6 h. 0 m., and this is the entry for that year 
given in the Table. Similarly, mean MSsha samkrlnti of 78 B.C. (§ 50, 577 — 499) took place at 6 h. 0 m. 
on (i, or 8, — 4 =) 4 Wednesday, March 16th (21 — 5). 

From this Table we can also determine the apparent MSsha samkr&nti for any desired year 
according to the Arya Siddhanta. Having found the moment of mean MSsha samkrSnti by the Table, 
or as shown in the example, deduct the §Odhya, viz. : 2 d. 3 h. 32.5 m. The result is the moment ol 
apparent Mesha samkranti. If the time is wanted according to Dr. Schram’s valuation of the iOdhya, 
add I m. 4 s. to the (mean or true) final result. 
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TABLE XXXVIILC. 


Time of mean Mesha samkranti by the Arya Siddhanta, A.D. 499 to 1075. 

Note. — In working backwards or forwards with this Tables it is useful to bear in mind that {for 
instance) March 21st may be expressed as ** 49 February^* or “ 50 February in a Leap-year. ** 36 March ** 
would mean April $th ; and so on. 


Cols. I, 2, 4» 5 give the European year, day of the month, week-day, and time of occurrence, 
i.e.t hour and minute, of mean MAsha samkranti, in Lanka time. Col. 3 shows the serial number of 
the day, measured from January ist as i, in conformity with Table IX. of the Indian Calettdar. 
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INDtAN CMBOmGRAPBY. 


TABLE XXXIX, 

Century Tabus for luni«solar reckoning, (Jacobi.) 


Profr. Jacobi's Table 6 in the "Indian Antiquary,’’. Vol. XVII,, p. 164, for " Centuries intervening 
between the given year and the corresponding one of the igth century ’’ — extended backwards to 
500 B.C., with addition of columns showing the years for which (inclusive) the entries are to be used. 


Th« Table applioB to 
the years (inolusive). 
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TABLE XL. 

B.C. Ybak Tabus bob luni-solar rxcxoning. 

Jacobi’s Table 5 {’’Indian Antiquary,’’ Vol. XVII., f. 163) for years of 
the iqth century A. D., adapted for years B.C. 
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TABLE XLI.A. 



The European Julian and Gregorian Calendars. 
Centuries. 


OLD BTrLI. 


Initial Days. 
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To And the Initial day of any given year run the eye down the column etandtng under the number cf the given century In the headto and 
run It antws from the number of the given odd year. The week-day found at the junction of these Unei was the initial day of the year. Havlni 
obulned this, look for that week-day in the second column from the left of the headiM of Table XIiLB ; and In the same horlsontal line, above the 
column which contains the day of the month wiH be found the week-day of tliat day of the month. Thue — 
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TABLE XLI.B. 


TABLE XLLC 


The European Calendar. 
Week-days for one year. 


This Table applies equally to Old Style a^id New Style dates. 
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Fr. 



1 

2 

i 

3 

4 

5 

0 

7 


January .. 
October . . 

8 

0 

1 10 

11 

12 

13 

14 

January. 

1^ 

IG 

i 17 

18 

10 

20 

21 

ApriL 

22 

23 

24 

25 

20 

i 27 

28 

July. 


29 

30 

31 

— 

— 

1 





1 ~ 

1 

2 

3 

4 


February . 

A 

6 

7 

8 

9 

10 

11 

. Fcbruaiy, 

March . . . . • 

12 

13 

14 

15 

16 

17 

18 

November. 

19 

20 

21 

22 

23 

24 

25 

August. 


26 

27 

28 

29 

30 

31 




~2 

8 

4 

5 

6 

7 

1 

8 


April 

9 

10 

11 

12 

13 

14 

15 

, September. 

July 

16 

17 

18 

19 

20 

21 

22 

December. 


23 

24 

25 

20 

27 

28 

29 



30 

31 1 

— 

— 

— 


— 





1 

2 

3 

4 

5 



G 

7 

8 

0 

10 

11 

12 


August , . . ' 

13 

14 

15 

16 

17 

18 

19 

May. 


20 

21 

22 

23 

24 

25 

26 


27 

28 

29 

30 

81 

•a* 

— 



3 

4 

5 

6 

7 

1 

8 

2 

9 


September 

December 

10 

17 

11 

18 

12 

19 

13 

20 

14 

21 

15 

22 

16 

23 

'June. 


24 

81 

25 

26 

27 

28 

29 

30 




1 

2 

3 

4 

5 

6 



7 

8 

9 

10 

11 

12 

13 


May 

14 

15 

16 

17 

18 

19 

20 

• October. 


21 

22 

23 

24 

25 

26 

27 



28 

29 

80 

81 

— 

— 

— 


f \ 



, 


1 

2 

8 


June 

4 

11 

5 

12 

6 

13 

7 

14 

8 

15 

9 

16 

10 

17 

March. 

November. 


18 

19 

20 

21 

22 

23 

24 


25 

26 

27 

28 

29 

80 1 

81 



The serial number of days 
IN A year A.D., FOR finding 
the day of M£sha saMkrAnti 

After February 29/A in a 
Leap-year the number of the 
day must be advanced by 1, 
March 1 st in a Leap-year is 
No. 61, &c. 


Day 

of 

Imonth 

Jan. 

Fob. 

Mar. 

Apr. 



32 

60 

91 



33 

61 

92 

3 ' 

3 

34 

62 

93 

4 

4 

35 

03 

94 

5 

5 

30 

04 

95 

0 

0 

37 

05 

96 

7 

7 

38 

00 

97 

8 

8 

39 

07 

98 

9 

0 

40 

68 

09 

10 

10 

41 

09 

100 

11 

11 

42 

70 

101 

12 1 

12 

43 

71 

102 

13 1 

13 

44 

72 

103 

14 

14 

45 

73 

104 

15 

15 

46 

74 

105 

10 

16 

47 

75 

106 

17 

17 

48 

76 

107 

18 

18 

40 

77 

108 

19 

19 

50 

78 

109 

20 


51 

70 

no 

21 

21 

52 

80 

111 

22 

22 

53 

81 

112 

23 

23 

54 

82 

113 

24 

24 

55 

83 

114 

25 

25 

56 

84 

115 


26 

57 

85 

116 

27 

27 

58 

80 

117 

28 

28 

59 

87 

118 

29 

29 

00 

88 

119 

30 

30 


89 

120 

81 

31 


90 



Tables XLLA and XLLB are taken from the Ute General Sir Alexander Cunningham's ** Book of Indian Eras,** by 
kind permisaion of Mossra Thaoker* Spink A Go.» Calcutta 
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in the rt, 6, c system of calculation^ = the angular 
distance of the moon from the sun calculated in 
moan longitude, § 19a, p. 7. How calculated, §§ 20, 25, 
pp. 8, 9. Time- value of the unit, ibid, “ a ” + 
constant, 201, yields accurately the moon’s place in 
calculations by mean Ictogitude, §21, p. 8; § 58, 

p. 22, 

“ a, c " system of calculation of the moon’s true place 
expla ined, §§ 19a, 20, pp. 7, 8. Time- value of its 
unit, § 3, p. 1. How to calculate these quantities 
for sunrise of a day in a year earlier than A.D. 300, 
ff§ 80-85, pp. 32-34. Example given, § 83, p. 32. The 
same by Professor Jacobi’s Tables, extended. 
§§ 85a-85e, pp. .34, 35. Possibility of an error of one 
or two units inherent in the — , § 103, p. 39 j 
Hints ” No. 3, p. 70. Result is found in mean 
time. How to convert this to true time. “ Hints 
No. 2, p. 76. 

Abhtjit. The 28th nakshatra, §113, p. 41. 

Aphika, “added.” Term how applied to intercalated 
lunar month, § 96, p. 37. See “ Intercalation.” 

Aduixa and kskaya TiTHis, Explanation of — , § 80, 
p. 35. 

Ai.BfiRti'Nl on the Hindus’ knowledge of the precession 
of the equinoxes, § 34, p. 12. 

AmAnta reckoning of LITNAR MONTHS. The earliest 
record as yet discovered which is certainly calculated 
by the — , § 13, p. 4. The system described, § 18, 
P« 7 ; § 04, p. 28 ; § 75, p. 31. The Tables generally 
are prepared on the — , § 19, p. 7. The ordinary 
civil beginning of the luni-solar year when this system 
is used, § 72, p. 30. 

Anomaly. A planet’s — , true and moan, defined, 
§ 19a, p. 7. 

Apparent, or true, longitude of the sun, § 10, p. fl ; and 
see “ Sun.” Apparent samkranti, see “ SamkrAnti.” 

Apsides, Line of — Annual shift of the sun’s — , § SOu, 
p. 14. 

Aryabhata (A.D. 499) had no knowledge of the precession 
of the equinoxes, § 34, p. 12. 

** AryabhatIya.” The — of Aryabhata, hitherto gene- 
rally known as the “ First Arya Siddh&nia.^' Dr, 
Fleet’s remarks on the name, { 4, p. 2, note 1. See 
“ Arya Siddh&nta, The Firsts 


“ Arya SiddhAnta, The — , or The First — .” This name, 
in the Indian Calendar and in this work, applied to 
the AryabhatIya of Aryabhata (A.D. 4J)9), § 4, p. 2. 
Dr. Fleet’s remarks on the name, ibid, note 1. Its 
estimate of the rate of atmual change in position of 
the sun’s line of apsides, § 39b, p. 14. Value of the 
todhya at the epoch of the Kallyuga era, by the — , 
ibid. Dr. Schram's valuation of the same in tabular 
form, § 39d, j». 15. Its determination of the epoch- 
moment of the Kaliyiiga era, §141, p. 49; §154, 
p. 53 ; § 107a, p. 00, Elements of the — , § 155, p. 53. 
{See “Jupiter.”) How to convert a result found 
according to the — into a result according to the 
Surya Siddhania, §§44-02, pp. 19-23. lloasons 
detailed, ibid. Three correcd-ions to be applied, ibid. 
Example given, § 01, pp. 22, 23. Length of the year 
according to — , § 40, p. 1 9. The same compared 
\iith the Julian year-length, § 47, p. 20, Length of its 
solar months differs from that of the Surya SiddhAnta, 
§.55, p. 21. It agreed with the Surya SiddMnta as 
to the moment of true MCshu samkranti in A.D. 490. 
Proof of this, Additional Note I., p. xii. The exact 
moment of Mesha sanakranti of any year by the — , 
seconds being added to the minutes obtainable by 
use of Table I. of the Indian Calendar t “ Hints ” 
No. 20, p. 79. 

“ Arya SiddhAnta ”, “ The Second — Often 

so-called. Dr. Fleet’s suggestion that this work 
should in future bo . called simply “ The Arya 
SiddliAnta,"' § 4, p. 2, note 1. S. Dvivedi’s edition of 
the — , § 107b, p. 62. Elements of the — , §§ 107n, 
167c, pp. 02, 03, and note. 

Asterismn, Lunar. See “ Nakshatras.” 

A^vjnI. The first nakshatra. Its beginning-point in tlit' 
heavens, § 114, p. 41. 

AvanAm§a 8, or degrees of precession of equinox< h. 
defined, § 37, p. 13. Rules for calculating the — , 
§§ 38, 39, p. 13. 

“ b,” in the a, b, e system of calculation = the mean 
anomaly of the moon, § 19 a, p. 7. How calculated, 
§§ 20, 25, pp. 8, 9. How tabulated, ibid. 

ban A KINGS, The. Their method of reckoning time, 
* § 13 a, p. 4. 

BArhaspatya cycle. See “Jupiter.” 
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Bengal. Rule for beginning of a solar civil month in — » 
§43, p. 19. 

BHAsKAnAcnABVA. Author of the Siddkitnta Sirdmanif 
A.D. 1150, §163, p. 58. 

BIja, or correction. The — introduced into the Present 
SUr^a Siddh&nta by the author of the Makaranda ' 
(A.P. 1478), § 149, p. 52. See “ SOrya Siddhanta.'* 

Brahmagttfta. His Br&htna Siddh&nta. Date of — , 

§ 163, p. 58. Did not recognise the procession of the 
equinoxes, § 34, p. 12. His division of the nakshatra- 
l)olt, § 113, p. 41. 

** BuIhma SiddhAnta, The.'’ § 4, p. 2. Dr. Schram’s 
valuation of the iMhya<interval by the — in 
tabular form, § 39d, p. 16. How to 6nd the moment 
of true and mean M^sha samkranti by the — , 
§§ 62c, 62o, 02 e, pp. 25, 26. Table for calculating 
the latter, § 167a, p. 61. It recognises the sunrise 
epoch of the Kaliyuga, p. 60. Division of the nak- 
shatra belt adopted in the — , § 113, p. 41. 

Brihaspati cycle. The. See "Jupiter.” 

Briuat SamhitA Rule. I'he — for finding the current 
Jovian samvatsara, noticed, §§ 133, 135, p. 47. 

" r,” in the a, 6, c system of calculation ss the mean 
anomaly of the sun, § 19a, p. 7. How calculated, 

§§ 20, 25, pp. 8, 9. How tabulated, ibid, 

C’liAiTRA, the first month of the amanta Chaitradi luni- 
solar year. The moment of its beginning, § 65, p. 29. 
Possibility of a lunar month not being named — if 
calculation is made by mean and not by true Mesha 
samkranti, § 67, p. 29. Example, § 69, p. 29, and 
note, p. 30. How to find the actual moment of 
occurrence *of the new- moon of amanta Chaitra, 

§ 73, p. 31, 

Oh\lvkya kings. The early — . Their method of 
reckoning time, § 13a, p. 4. See " Eastern Chaluk- 
yas,” " Western Chalukyas.” 

Civil month. Days of a — , and its beginning. Rules 
for — in different tracts, § 43, pp. 18, 19. 

Conversion op resultn by one Siddhanta into the same 
by another, §§ 104-1 1 1, pp. 39, 40. " Hints ” No. 8, 

p. 76. 

r.'oRRECTioNS. In converting a result by the Arya 
Siddlmnta into a result by the Surya Siddhania, 
and vice versa, two — nec'tssary in the case of true, 
and tuo — necessary in the case of mean, solar 
months. Correction 1., §§46-54, pp. 19-21. Cor- 
rection II., §§ 55,56, p. 21. Correction III., §§ 57-59, 
p. 22. See also §§ 104-111, pp. 39, 40. 

Crommelin, Mb. A. C. D. His criticism of Mr. Sh. B. 
Dikshit's rule for finding the apparent longitude of 
Jupiter, § 184, p. 69. 

" d,” in the Tables and examples *3 day of the month, 
§24, p. 9. 

samcbAnti. The — , noticed in dates 
from at least ths tenth century A.D., § 13a, p. 4. 

Dates of early Inscriptions in India. Earliest known 
use of some of the eras, §§6-13, pp, 2ff. Date of 
the earliest genuine record in India noted in Prof. 


Kiolhom's " Lists,” § 7, p. 2. How to find the 
position, true and mean, of the moon at mean sunrise 
for very ancient — , §§ 85 a to 85u, pp- 34-35. 

" Day.” Meaning of tho word as used in the Hindu 
calendar, § 14, p. 5. To find the European civil — 
corresponding to a given Hindu solar day. Example 
19, p. 90. 

Days of the week. Su “ Weekdays.” 

DftVAGiRi YAdavas. See "Yfidavas.” 

Dikshit, the late Sh. B. His valuation of the ^dhya- 
interval by tho First Arya, SUrya, and Original 
SHrya Siddhdntas, §§39b, 39g, pp. 14, 15. His 
suggestion for a rule for finding the beginning and 
ending of the current samvatsara of Jupiter, § 135, 
p. 47. 

DvitIyA, " second.” Term how applied in Interoalation 
of lunar months, § 96, p. 37. 

Earth, The — . Considered the centre of the solar 
system by the Hindus, § 14, p. 5. The course of a 
meridian through the nakshatras, § 114, p. 41. 

Eastern CiiAlukyas, The. Their method of reckoning 
time, § 13 a, p. 4. 

Elements of the SHrya SiddhAnia without the bija, 
§ 142, p. 49. — of the Surya Siddkiinta with tho bija, 
§ 152, p. 53. — of the First Arya Siddh&nta, § 155, 
p. 5.3. — of tho Original Surya Siddh&nta, § 159, p. 55. 
— of the Brahma Siddh&nta and Siddh&nta SirOmani, 
§ 166, p. 50. — of the Second Arya Siddh&nta, § 167c, 
p. 63. Also I'ablo XXXVII. for all the authorities. 

" Epoch ” of the Kaliyuga era. The — , §141, p. 49. Hindu 
astronomical theory regarding position of planets, 
&c., at — , ihidi §154, p. 53; §181, p. 67. Tho 
time when the Kaliyuga began, according to different 
Hindu authorities, ibid. 

Equal-space system of division of the nakshatra-bolt, 
§l]3,p. 41. Table XXII. 

“Equation 6,” “Equation c.” The terms explained. 
§§ 19 a, 20, pp. 7, 8. 

Equation op the centre. Definition of — , § 19 a, p. 7. 
Explanation, § 20, p. 8. — of sun and moon, 

" equation 6,” ” equation e ” explained, ibid. How 
tabulated, ibid. 

Equation of time. Mean and apparent time, §. 29, p. 10. 

Equinoctial SA^rkRANTis, § 31, p. 10. M§sha and Tula. 
When first mentioned in inscription-dates, § 13a, p. 4. 

Equinoxes, Precession of the — . See " Precession.” 

Equinox, Vernal, Tho — . Date when, according to the 
different Hindu authorities, it coincided udth the 
first point of sidereal MUsha, § 14, p. 5. 

Eras. Earliest known instance of use of some of the — , 

§6,p. 2. 

Error, An — of one or two units inherent in the result of 
every system of calculation, § 103, p. 39. Tho 
amount of possible — inherent in our system of 
calculating the nakshatra, § 120, p. 43. 

Explanations and definitions, §§ 14-26, pp. 5-0. 

Expunction of lunar month, samvatsara, ko. See 
" Suppression,” 



INDEX, 


i8i 


Gaeoa* His system of division of the nakshatra-belt, 
§113, p. 41. 

Hoysaims of MAist^, The. The period from which 
their inseription-datoa begin to notice the lagna of 
the solar signs, and solar months, § 13 a, p. 4. 

Intkhcalation of lunar months. Necessity for — in 
the luni-Bolar year, § 18, p. 7. — by true and moan 
systems, §§ 95-103, pp. 37-39. Reason for — , § 95, 
p. 37. Anciently calculated by mean motion of sun 
and moon, § 97, p. 38. The system explained, ibid, 
— of nakshatras, § 125, p. 44. To find if an — of a 
tnio lunar month occurred by the Arya SiddhUnta in 
any year. Examples 27, 28, pp. 100, 101. I'ho same 
by the SHrya Siddh&ntUf Examples 30, 31, p. 10.5. 
Conversion of the same to Arya Siddhiinia reckoning. 
Example 33, p. 107. And vice veraut Example 35, 
p. 107. — of a mean lunar month ; to find if this 
oc^ourred according to the Arya Siddhdntn in any 
year, Examples 30, 37, pp. 108, 109. The same 
according to the Surya Examples 38, 39, 

pp. 109, 110. Conversion of results between the 
two authorities, Examples 39 a, 39b, pp. 110, 111. 
Aids to calculation of — , certain limitations stated, 
“Hints’' No. 13, p. 77. 

.Iacobi, Pbofeshob H. His Indian Antiquary Tables 1~4. 
Remarks on, §40, p. 18. His special Tables to bo 
ahvays used for very close cast's, § 103, p. 39. His 
rules and 'Pablos for finding the current sairivatsara 
of Jupiter, § 135, p. 47. ii’ablcs XXXIX., XL., 
specially adapted from his Tablets 5, 0, in Voi. XVI 1. 
(»f the Ifidinn Antiquary ^ §§ 85a-85k, pp. 34, 3.5. 

JoviAX cytXEH of sixty and twelve years. See “ Jupiter.” 

Jovian h\mvatsaiia. The. iX'finition of — , § 4, p. 2. 

J rpiTER. The place of — used extensively in the south 
and west of Southern India, §42.\, p. 18. How to 
find the current samvatsara of either the sixty-year 
or tMclve-year cycle, by different authorities; and 
the time of its beginning and ending. See. “ Samvat- 
sara.” To find the moan longitude of — , at any 
time in any year, and the nakshatra and sign of the 
zodiac in w'hich he stood, Example 01, p. 124. The 
same calculated by his apparent longitude, Examph^ 

02, p. 120. 

The sixty •year cycle of — . CJoneral remarks, §§ 130-140, 
pp. 40-49. Apparent period of its establishment. 
§ 130, p. 40. Originally calculated on an astronomic 
basis all over India, but now so only in N. India, 
§ 130 a, p. 40. iXiration of one samvatsara, ibid. 
Its length compared with length of the solar year, 
§ 131, p. 46. Why a samvatsara is sometimes 
expunged, ibid. This expunotion is, however, only 
in the nomenclature of the solar year, ibid. General 
rule governing the naming of a year by the name of a 
samvatsara, § 132, p. 47. Tho name given at Mdsha 
samkranti attaches to all days of the year, ibid. 
But sometimes the name of the samvatsara actually 
current on a civil day is quoted, ibid. (See Example 51). 
Other variations in practice, § 133, p. 47. The luni- 


solar year named after the samvatsara current at 
moan sunrise on Chaltra ^uk. 1, ibid. The Jydti- 
ahatattm rule, the Brihnt SamhitH rule, and the 
BatnamdlA rule noticed, ibid. Former rules for 
finding tho time of beginning and ending of the 
current samvatsara now superseded by a simpler 
method suggested by the late Mr. Sh. B. Dikshit, 
§ 135, p. 47. Explanation of formation of Tables 
frameil on this method, if)id. Use of tho pairs of 
Tables, § 136, p. 48. Rule fully given, §| 137-139, 
p. 48. Galculation by tho Surya Siddhdnta without 
the bija, §§ 141-148, pp. 49-51 ; and Example 50. 
In connection with those calculations Hindu astrono- 
mers only took notice of mean, and not of apparent, 
Mesha samkrftnti, p. 50, Note. Moment of beginning 
of No. 1. Prabhava in A.l). 16. § 145, p. ,50. Elements 
of the — without the bIja, § 142, p. 49. Calculation 
by tho Surya Siddhdnta with the bija, §§ 149-153, 
pp. 52, 53. Elements of tho same, § 152, p. 53. 
Calculation by the First Arya SiddMntn, §§ 154-158, 
pp. 53-55, Elements of tho same, § 155, p. 53. 
Calculation by tho Original Surya Siddhdnta^ §§ 159- 
162, pp. 55-58. Elements of the same, § 159, p. 5.5. 
Position of mean Jiipitor at mean M5sha samkranti of 
K.Y. 0 as calculated by tho sarao, ibid. Calculation 
i>y the Hrhhma Siddhdnta and Siddhiinta SirOmanif 
§§ 163- 167a, pp, 58-62. Elements of tho same, 
§§ 163, 166, pj>. 58, .50. Dr, Kchram's valuation of 
the rfodhya according to tho same, acuoptcHl, § 164, 
|). 59. Position, acutording to the Br&hma Siddhdnta, 
of Jupiter at tho moment of moan Mesha samkranti, 
K.Y. 0, or tho epoch of the Kaliyuga, § 165, p. 59. 
('nlculation by tho Second Arya Siddhdnta not pro- 
ceeded with in this volume ; reasons ; Dr. Fleet’s 
note; §§ 167u, ]67(', pp. 62, 63. Elements of tho 
same, § 167(', ]>. 63. Calculation with rotoronvo 
to moan Mesha samkranti, §§ 168, 169, p. 64, Method 
of work ; example ; ibid. Reckoning for the sam- 
vatsara of .1 upitor differs, in North and South India, 
since about A.D. 908, §§ 170-173, pp. 64. 65. The 
>am vatsara connecited with tho luni-solar year in 
Southern India, § 170, p. 64. How tho HOiitherns 
calculate, §§ 171-173, p. 6,5. Jupiter’s mean longitude ; 
rule for finding — ; explanation of Tables XXXIII., 
XXXIV., §§ 179-183, pp. 6<l-69. Mean motion of 
Jupiter and sun, §§ 180 ff, 07-69. Position of Jupiter 
according to different authorities at tho epoch of the 
Kaliyuga, and tho time when that ora began, § 181, 
p. 67. Example of how to ascertain — ’s mean 
longitude, § 183, p. 68 ; and Example 61. — ’s true, 
or apparent, longitude ; rule for finding ; Mr. 
Dikshit’s rule, §§ 184A-187, pp. 69-72 ; uritioised 
by Mr. Cronimelin, § 184, p. 69. Examples illustrating 
Mr. Sh. B. Dikshit’s rule, §§ 185, 186, pp. 70, 71. 
Explanation of the process, § 187, p. 71, 

The twelve-year cycle of — . To find in what sign of 
the zodiac Jupiter stood on a given day, § 140, p. 49 ; 
§§ 174-177, pp. 65, 66. The cycle defined, § 174^ 
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p. (U). T \\'0 systems of naming the samvatsaras of 

the — , ibfd. (See Table XXXII. )• 

Jv6ti8Hatattva Rulk, The. For finding the current 
Jovian pamvatsara, §§ 133-1 So, p. 47. 

Kadamba kings. The. Their method of reckoning time, 
§ 13a, p. 4. 

Kalachtri-CuAdi era, The. Earliest kno>\*n date 
showing rise of — > § 9, p. 3. 

Kalachvri kings, U’he. The period at which they, 
apparently, began to take notice of solar samkrantis, 
§ 13a, p. 4. 

Kali VITO A Era, The. Earliest known date showing iise 
of — , §11, p. 3. 

Karana, The. Dcflniticm of — and explanation, § 127, 
p. 4o. Example : How to find the — , §§ 128, 120, 
pp. 45, 4fi. Not subject to repetition or cxpunction, 
§89, p. 30; §128, p. 45. To find the — of any 
moment of any year, Example 47 a, p. 110. Aids to 
calculation of — . Certain limitations, “ Hints ” 
15, p. 77. 

Kielhorn, Professor, The late. His assertions regard- 
ing the earliest known use of certain eras, §§ 0-13, 
p. 2 ff. His system of calculating the nakshatras 
examined, §§ 121-124, pp. 43, 44. His rules and 
Tables for finding the current Jovian samvatsara, 
§ 133, p. 47. 

KollaM Era, The, § 42 a, p. 18. How to convert a year 
of — to one of the Kali^uga era, ibid. To find 
according to the — reckoning the sign in MhkJi mean 
Jupiter stood at any time, Example 00, p. 123. 

Krhaya TiTHi. Meaning of — explained, §§ 86-89, 
pp. 33, 30 ; Example 23, p. 93. 

KsiUTufi-LAONA, The, § 114, p. 41, and Note, 

Lagxa. The — define-l. § 114, p, 41, and Note. Fuller 
definition of — , and rule for finding the — , §§ 193- 
198, ])p. 74. 73. Earliest date in an inscription, 
knovn to Pi-of. Kielhorn, in which the — is mentioned, 
§ 194, p. 74. Example of vork, §§ 197, 198, pp. 74, 
73 ; and Example 63. INi find the — of any sign of 
the zodiac at any time of any day. Example 03, 
p. 127. 

Lau.a (? A.D. 038) did not mention the precession of 
the equinoxes, § 34, p. 12. 

Line of afstdes. See “Apsides.” 

Lunar months. Amanta and pfirnimanta systems of 
naming — , § 04, p. 28. See “ Amanta,” and 

' “ Pfirnimanta.” 

Ll'Nar year. The pu^^ § 18, p. 7. 

Lunation, Definition of the term, § 18, p. 7. lYue and 
mean — defined, § 0.3, p. 28. Length of each, ibid. 

Luni-solar reckoning. General system, § 13, p. 0. 
How the lunar months were fitted to the seasons, ibid. 
Varying lengths of years, ibid. Full explanation. 
Definition of true and mean lunations. Variation 
of the former, and length of the latter. Movement 
of the moon’s line of apsides. Varying lengths of 
true tithis. Length of the mean tithi, §63, &c., 
p. 2«ff. See “Year,” “.Month,” “Tithi.” nc 


“ o,” “ 3,” “ c “ for very ancient dates obtained by 
use of Tables XXXIX., XL., foUo^Wng Prof. Jacobi’s 
method, §§ 85 a-85x, pp. 34, 35. 

LtTNi>soLAR YEAR, The. Its astmnomical and civil 
beginning, § 05, p. 29. The ordinary civil beginning 
of — in the amanta system, §§ 71-74, pp. 30, 31. 

Madhya -LAONA, The, § 114, p. 41, and Note. 

Makaranda, The. An astronomical w'ork composed in 
A.D. 1478, § 149, p. 62. 

Malabar. System of time-reckoning in — , § 42 a, p. 18. 
Rule for beginning of a solar civil month in — , 
H3. p. 18. 

M^lava-Vikbama Era, The. The earliest knovTi date 
shovang use of — , § 8, p. 3. 

“ Mean ” system of calculation of time in the lunar year. 
Reason for framing Tables for conversion of results 
by — into results by the “ true ” system, § 5, p. 2. 
Rules governing the — , § 97, p. 38. (See “ Saih- 
kranti,” “Month,” “Tithi.”) — longitude of the 
sun, § 16, p. 0. — lunar months and tithis, compu- 

tation by, §§ 00-103, pp. 36-39 ; Example, 
§§ 91-93, pp. 30, 37. — motion of sun and moon, 
ancient calculation by, § 32, p. 11. The change 
effected by i^rTpati about A.D. 1040, ibid. — tithi, 
Kmgth of a, § 90, p. 30 ; “ Hint ” No. 1. p. 75. 
— and tiue tim? (ifee “ Hints ” 2, p. 70). — and 
true motions of sun and moon, “ Hints ” 5, p. 70 ; 
8, p. 70. 

MkHUA. The first of the scalar signs, from which all 
celestial longitudes are measured, § 14, p. 3. The 
first point of — corresponds to the “ First Point of 
Aries ” in European astronomy, ibid. Position in 
the heavens of its first point, ibid. 

MkSHA samkiiAnti. (See “ ^mkranti.”) Definition of — , 
§ 27, p. 9. True and mean ; other samkrantis 
measured from — , § 30, p. 10. Tables for finding — 
mentioned, § 30, p. 10. How to find the moment of 
true or mean — in any solar year earlier than 
A.D. 300, §§ 40-02, pp. 19-23. Moment of mean — 
at K.Y. 1 current, the epoch of the Kaliyuga era, 
calculated, Example Oc, p. 83. The three corrections 
to bo applied in conversion of results, §§ 44-62, 
pi>. 19-23; Example given, §§61, 02, pp. 22, 23. 
’fruo — . Proof that there wRS no difference betwwn 
the moment of true — in A.D. 496 by the or 
Surya Siddh^vtaa^ Additional Note /., p. xii. To find the 
exact moment of true — , including second*** by the 
Svrya SiddMvtat Additional Note 11,, p. xii. Exact 
time of true — of th-^ year A.D. 499 according to the 
First Arya SiddMnta, § 32, p. 21, and Note 1. Exact 
moment of — of any year, with seconds added to 
the minutes as tabulated in Indian Calendar, Table /., 
col. 17. “Hint” No. 20, p. 79. How to find the 
moment of — by the Original Surya SiddhAnta, 
§ 62i, pp. 23-23. Table of time-difference at — , 
between the Original SUrya and Arya SiddhAntae, 
§ 102, p. 37. How' to find the moment of — by the 
Brdhma SiddhAnta, § 02r, p. 23. Table of time- 
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difforenoe at — between the Br&hma and Arpa 
SiddhUniMf $ 167a, p. 61. How to 6nd — by the 
SiddhAnta Str&mani, § 02f, p. 26. Tablo of timo- 
differenoe at — bet^^eon the Siddh&nta 
and Arya SiddhUntat § 167a, p. 61. Difference of a 
month occurs in the time of beginning of a luni-solar 
year >vhon new-moon takes place between true — 
and mean — , § 66, p. 26. Explanation of this, 
§§ 67, 68. Example, § 69, p. 29, and Note, p. 30. 

Examples, True sidereal — . How to find, from a 
given moment of — by the Arya SiddMntat the 
moment of — by the Surya 8iddhd,ntat Example 1, 
p. 81. The reverse process. Example 2, p. 81. How 
to find — of a year earlier than A.D. 300 by the 
Arya Siddhdnta, Example 3, p. 81 . The same by the 
Surya SiddhAnta, Example 4, p. 82. 

Mean sidereal — . How to find — by the Arya 
Siddh&nta, for any year, Example 5, p. 82. Iho same 
according to tho Surya SiddMnta, Example 6, p. 83. 
Conversion from one to tho other, Examples 7, 8, 
pp. 83, 84. 

Tropical — , How to find — , by the Arya 
SiddMnta^ for any year, Example 9, p. 84, The same 
according to the SUrya Siddh&nta, Example 10, p. 85, 

How to find the samvatsara of the Jupiter cycle 
current at the moment of — in any year, Examples 
48, 49, p. 117. 

MoKTn, Tho. Tho solar — measured by tho sun’s stay 
in a solar sign, M'hcthor taken as sidereal or tropical, 
§ 14, p. 5. Tho length of true solar months varies, 
(bid. 7Vuo or apparent — and mean — , defined, 
ibid. Astronomical and civil beginning of solar — , 
§ 29, p. 10. Days of a civil — , and its beginning. 
Rules for — in different tracts, § 43, p. 18. True 
solar — . Their lengths differ according to 
different authorities, § 55, p. 21. True lunar — , 
computation by, §§ 77-85, pp. 31-34. Impossi- 
bility of framing workable Tables for exact lengths of 
true lunar — , § 78, p. 31. Varying lengths, §§ 90, 95, 
pp. 36, 37. Mean lunar — , its length, ibid. Inter- 
calations and suppressions of true lunar — , by both 
the true and mean systems, §§95-103, pp. 37-39. 
Ancient names of lunar — , § 116, p. 42. Named 
from the nakshatras, ibid. Mean solar — , or one- 
twelfth of a mean sidereal solar 3'ear. Liongth 
of mean solar — , “Hints” 1, p. 75. Length of a 
mean synodic lunar month, ibid. 

Mooir. Her velocity constantly changes, § 78, p. 31. 
Her path in the heavens, and entrance to and exit 
from each of the nakshatras in turn, § 14, p. 6. Her 
motion ; perigee and apogee points ; true and mean 
longitude of — ; true and mean anomaly of — ; 
equation of the centre ; “ Equation 5,” § 20, p . 8. 
Moment of true synodical new — , and mean 
synodical new — . When it occurs, § 90, p. 36. 
Her mean motion was the basis of calculation 
for intercalations of lunar months in ancient 
times, { 97, p. 38. Her orbit. The belt divided 


into nakshatras, §113, p. 41. Her course through 
the nakshatras, § 114, p, 41. Tho nakshatra in 
which tho — stands, rule for finding, § 119, p. 42. 
How tho Hindus treat tho case of an exact coinci- 
dence betu’een the moment of now-moon and tho 
moment of a saihkranti, “ Hints ” 18, p. 78. 

Muhammadan Lunar Ykaii, Tho. Note regarding, § 18, 
p. 7. 

MuflJAi.A (A.D. 932). The first Hindu who, so far as is 
yet kno^^m, taught the preoession of the oquinoxes, 
§34, p. 12. 

Nakshatras. The 27 or 28 — , An ancient division of the 
ecliptic, § 14, p. 5. Explanation of — , §§ 112-125, 
pp. 40-44. Division of the belt of the mcKins orbit 
into — , § 113, p. 41. Systems of Oarga and Rrahma- 
gupta, and the equal-sj)ace system, ibid. The first — , 
AdvinT, begins at first point of the sidereal sign 
Mesha, §114, p. 41. The ooursc of the sun, moon, 
and earth's meridian through the — , § 114, p. 41. 
Nakshatras certainly known in tho fourth century 
A.D., §115, p. 41. Mentioned in late Vedic times, 
ibid. Regularly used in Southern India from the 
tenth century A.])., §115, p. 42. They gave their 
names to the lunar months, § 1 16, p. 42 ; and to the 
solar months, § 118, p. 42. The sun’s position with 
referem e to — , § 1 17, p. 42. Ending points of the — , 
§ 118, p. 42, How to find tho moon’s — , tho 
formula, § 119, p. 42. Dr. Nchram’s Table, § 119, p. 42, 
and Table XX HI, The amoinit of possible error 
inherent in working systems, § 120, p, 43. Profcstsir 
Kiolhorn'e system of calculating the — , §§ 121-] 24, 
pp. 43, 44. l*rof<J8sor Jacobi’s tho more accurat^^ 
§ 124, p. 44. Intercalation and suppression of — 
with reference to sucjcossive sunrises, § 125, j), 44. 
Aids to calculation; certain limitations stated, 
“Hints” No. 13, p. 77. 

Examples. To find the nakshatra of tho moon for any 
moment of any year, Example 43, p. 113. To find 
its times of beginning and ending, Examples 44, 45, 
46, pp. 114-116. To find tho — in which Jupiter 
stood at any moment of any year. By his moan 
longitude, Example 01 , p. 1 25. By his true longitude , 
Example 02, p. 120. 

New-mook, Exac't coincidence of moment of, and 
moment of a ‘saihkranti. How' treated by HIndQ 
astronomers. “ Hints,” 18, p. 78. 

“ New Style ” and “ Old Style ” in Euroi)e, § 85», 

p. 34. 

Nlta, “ TRUE.” Term how' applied in intercalation of 
lunar months, § 96, p. 37. 

NirAyaka samkrAnti. Definition of the term, § 16, 

p. 6. 

North-Eastern 1ndl\, Method of reckoning time in, 

§ 13a, p. 4. 

North-West op India, Tho, Method of reckoning 
time in, § 13 a, p, 4. 

“ Old Style ” and “ New Style ” in Europe, § 85 b, 
p. 34. 
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Qmoixai. SCni'A SiDDBlKTA, Tha Bate of — , S 4* P- 2. 
VaJuo by — of the i^dhya-interval at K.Y. 1 
current, or the epoch of the Kaliyuga ora, § 30 jb, 
p. 14. 6h. B. Bikshit’e valuation of the Bamc, in 
tabular form, § 39 p, p. 10. How to find the moment 
of true or mean M^sha samkranti according to — , 
§ 62 a, p. 23 ; § 102, p. 56. Table of time-difference 
between — and the Arpa SiddhUnta at Meaha 
BamkrSnti, § 162, p. 57. Calculation by — , for 
beginning and ending of Jovian aamvataaras, 159- 
162, pp. 65-58. Elements of — , § 159, p. 55. 
Known to Varahamihira, A.l). 587, ibid. Tables 
according to — , in this work, based on mean 
M5sha samkranti, ibid. Value of ^dh^^a, Mr. 
Dikshit's valuation accepted, ibid. Position of mean 
Jupiter at mean M^sha samkranti of K.Y. 0 as 
calculated by — , ibid. To find the times of 
bt'ginning and ending of a Jovian samvatsara by 
— , Example, § 102, p, 68. 

OuissA, Rule for beginning of a solar civil month in, 
§43,p.l0. 

Paksha, The, or half-lu nation, or lunar fortnight, §18, 
p. 7. 

Pallava Kings, The. 'J’hcir method of reckoning time, 
§ 13 a, p. 4. 

i^UTiiAMA, “ First.” 3’erm how* applied to intercalated 
lunar month, § 00, p. 37. 

Priscessiox of the Equinoxes. How far known to 
Hindus, l)r. Fleet's remarks on — . Albgrunl, 
Aryabhata, Lalla, Varahamihira, Brahmagupta, 
Muffjala, in connwtion with the — , § 34, p. 12. 
31io — not as a rule paid much attention to in India, 
§ 14, p. 5. Tropical M^sha samkranti governed by 

— t §33, p. 11. Rato of — annually according to 
different Hindu authorities, §34, p. 12. {See also 
“ lYopical samkrantis.”) How to find, for any year, 
the longitude of the vernal equinox, measured from 
the sidereal first point of M^sha, §§ 36, 37, pp. 12, 13. 

Present S^kya SiddhAnta. See “ Siddkdnta'^ 

P^rnimAnta system of luni-Bolar month-reckoning 
described, § 18, p. 7. Explanation of the system, 
§ 76, p. 31. 

RAjamugAnxa, The, § 163, p. 58. 

RAsUTRAKtTA KiNOS. Method of reckoning time in their 
records* § 13 a, p. 4. 

RatnabiAlA Rule. The — for finding the current J ovian 
samvatsara, noticed, §§ 133, 136, p. 47. 

Saka Era, The, Earliest known date showing use of, 
§ 10, p. 3. 

SamxbAkti (s). Record of — in inscription-dates apparently 
bqgan about the ninth century A.D., $ 13 a, p. 4. 
Earliest mention of — yet found in an inscription, 
ibid* Nirayana, or sidereal — , and sayana, or 
tropical — , defined, § 14, 16, 28, pp. 6, 6, 10. Mean 

— and true, or apparent — , defined, ibid* Tropical 

— defined, ibid, and § 27, &c. Varying lengths of 
true mont^ betw'con samkrantis, § 28, p. 10. Marks 
the beginning of the astronomical solar month, { 20, 


p. 10. How to find the time of occurrence of a — , 
mean or true, § 30, p. 10. Equinoctial, solstitial, 
Vishuva, Sha^ltimukfaa — , § 31, p. 10. How to 
convert results found for the moment of occurrence 
of — , according to the First Arya SiddhdtUa Into the 
same according to the SUrya Siddh&nia, and vice 
versa. The corrections necessary to be applied, 
§§ 44-62, pp. 19-23. True and mean — , the basis 
of calculation in the intercalation and suppression 
of lunar months, §§ 97-102, pp. 38-39. Case of an 
exact coincidence of moment of — and moment of 
new-moon. How' treated by Hindu astronomers, 
“ Hints,” 18, p. 78. The difference between times of 
occurrence of — as calculated by different authorities 
is limited. Limits stated. ” Hints,” 12, p. 77. 

Examples, True sidereal — . How to find, by the Arya 
Siddhdnta, for any year, Example 11, p. 86. The 
same by the Surya Siddhbnia, Example 12, p. 86. 
Conversion from one to the other, Examples 13, 14, 

p. 86. 

Mean sidereal — . How to find, by the.^rya SiddhAnta^ 
Example 15, p. 87. The same according to the Siirya 
Siddhantat Example 16, p. 87. Conversion from one 
to the other. Examples 17, 18, p. 87. 

Tropical — . How to find, by the Arya SiddhUnffit 
for any year, Example 18 a, p. 88. The same by the 
Surya Siddhdnta, Example 18 d, p. 89. Noto on 
Examples 9, 10, 18 a, 18b, p. 90. 

{See also ” Mesha samkranti.”) 

Samvatsara. The Jovian — . Definition of the w^ord 
as used in this work, § 4, p. 2. Currency of — , 
depends on the ^dhya- interval, § 39 b, p. 14. Ex- 
punction of a — , Tables XXVII. to XXXLA. 
By the figures in col. 3 of these (each for a different 
Siddhante) of the No, 1 Prabhava at beginning of a 
cycle, information is at once given as to whether the 
expunction of a samvatsara during that cycle was 
possible, ** Hints,” 19, p. 79. 

Examples, To find which Jovian — of the sixty-year 
cycle was current at apparent MSsha samkranti of 
any year, and which began in any year ; Examples 
48, 49, p. 117. To find the times of beginning and 
ending of a — by the SUrya SiddhAnta without the 
bija, Examples 60, 61, 62, pp. 118-120. The same 
by the Surya SiddJiAnta with the bIja, Examples 
53, 64, pp. 120, 121. The same w'ith the sign in 
which mean Jupiter stood, Example 66, p. 122. The 
same by the Arya SiddhAnta, Examples 50, 57, 68, 
p. 122. The same by the Origiml Surya SiddhAnta, 
Example 69, p. 122. The same by the BrAhma 
SiddhAnta, or SiddhAnta Sir&mani, Example 69 a, 
p. 123. Calculation according to reckoning by the 
KoUam era and the twelve-year cycle. Example 60, 
p. 123. 

{See “Jupiter,”) 

SAyana SABdcRAKTi. Definition of the term, f 16, p. 0. 
Noto on use of — , f 17, p. 7. {See “ Tropical sam* 
krSnti.”) 
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SoHBAH, Br. R. His valuation of tha ^dhya .interval 
for 5000 years, §f 30 b-30f, pp. Table showing 

the same, §30 d, p. 15. His Table for finding the 
nakshatra, § 110, p. 42, and Table XXIll. 

SscOKD Arya SiddhAih'a, The. Dr. Schramms valuation 
of the (iOdhya*interval by — , in tabular form. 
§ 39 d, p. 16. Calculation according to — for 
position of Jupiter not proceeded with in this volume ; 
reasons given ; Dr. Fleet’s note, §§ 107b, 167o, pp. 02. 
63. No translation of — available, ibid, Bentley's 
information regarding — , ibid. Elements of — , 
ibid. Subsequent note, M. S. Dvivedi’s edition 
of — recently published, p. 03, Note 2. 

Shapa^imukha sai^bAntis, §31, p. 10. 

SzPPHliTTAS, The First Arya and Present Surya, Mutual 
conversion of results, §§ 104-111, pp. 30, 40. 

SidduAkta SmOMANi. The — , \mtton by Bhaskarii- 
chfirya in A.D. 1160, § 103, p. 68. {iSee under 
‘•Jupiter.”) How to find the moment of true and 
mean MCsha samkranti in any 3*car according to 
the — , §§ 02f, 02a, 02ir, pp. 26-28 ; § 107a, 

pp. 60-02. Table of difference between the time as 
found by the First Arya SiddMnta and by the — , 
p. 01. Recognises the sunrise epoch of the Kali^'uga, 
§ 107a, p. 00. Table for finding the value of the 
66dh3'a from A.D. 899 to 1899, §02o, p. 27. Dr. 
Schram’s valuation of the i$6dhya-interval by the — 
in tabular form, § 39 d, p. 10. 

SiDKBEAL SAtetAKTitf, defined, § 27, p. 9. 

SiG>’(a) or thb zodiac*. Sidereal and tropical — doiiucd, 
§ 14, p. 6. To find in >vhich — mean Jupiter stood 
at any time. Example 00, p. 123. The same calcu. 
lated respectively by hi|i mean and true longitude, 
Examples 61, 62, pp. 124-127. To find the lagna 
of a — at any moment of any day, §§ 193-198, 
pp. 74, 76 ; Example 63, p. 127. Correspondence <5f 
the signs and nakshatras, §118, p. 42, and Table 
XXIL 

SilAhAba KtTLXBS, The. The period at vhich thc3% 
apparently, began to take notice of solar sam. 
krantis, § 13 a, p. 4. 

SiBBS, Table of HindQ. Used for calculation of the 
^dhya-interval, § 39 d, p. 15. 

Sixty- ybab cyclb of JumisH, The. Earliest known 
date showing use of — , § 12, p. 3. (See ” Jupiter.”) 
Calculation for samvatsaras of — by different 
authorities. Set (“Samvatsara.”) 

SOdh^'a, The. General definition, §§39 a, 39b, p. 14. 
Value of — dependent on the position of the sun’s 
line of apsides, § 39 b, p. 14. Value at K. Y. 1 current, 
or the epoch of the Kaliyuga era, by different Hindu 
authorities, § 39 b, p. 14. Dr. R. Schram’s valuation 
of — for 6000 years, §§ 39 b-39f, pp. 14-18. The 
same as adopted in the Indian Calendar, § 39c, p. 16. 
The late Sh. B. Dikshit’s estimate of — , ibid. — 
stated in terms of a,” § 58, p. 22. Is taken as a 
constant in the Tables, §57, p. 22. Its length 
aooording to the Arya and SHrya Siddhdnias, ibid. 


Value of — by the Original Surya Siddhdnta, 
§62a, p. 23. By the BrQhma Siddh&nta for 2000 
years, § 62d, p. 25. By the Siddh&nta jSirdmani for 
1000 3’oarH, §62o, p. 27. Its value in the period 
A.D, 890-1899 as fixed by Dr. Schram, Table in 
§ 02a, p. 27. 

Solar reckoning. General description, § 27, &c., 
p. 9 ff. Pure ^ rarely adopted in India except in 
Bengal and the Tamil and Malavalam countries, 
§ 14, p. 5. 

Solstitial samkrAntis, The, noticed from at least the 
tenth century A.D., § 1.3 a, p. 4 ; § 31, p. 10. 

Stars, on the belt of the moon’s orbit ; the nakshatras, 
§113, p. 41. 

Sun, The. Considered by the Hindus to revolve round 
the earth, § 14, p. 6. His path divided into 12 signs, 
ibid. The ecliptic divided into 27 or 28 nakshatras, 
or asterisms, ibid. IVue and mean motion of — , 
ibid. Measurement of his apparent and mean longi- 
tudes, and definitiim of the same, § !(>, p. 0. His 
course through the nakshatras, § 114, p. 41 ; § 117, 
p. 42. His moan motion was the basis of calculation 
for lntcrcalatit»n of lunar months in ancient times, 
§07, p. 38. His mean motion, Table XXXIV.; 
§§ 180-182, pp. 07, 08. How to calculate his moan 
longitude, § 182, p. 68. 

Sunrise. IVuc and mean — , § 29, p. 10. Moan sunrise, 
calculation for, made, instead of for true sunrise, 
in the Tables, §§ 18, 19, p. 7. 

Suppression of lunar months. Necessity for — in 
certain years of the luni-solar reckoning, § 18, j). 7. 
Calculation for the — by the “ true ” system, 
§§ 95-103, pp. 37--39. Reason for — , § 95, p. 37. 
The system explained, ibid. The months usually 
suppressed, § 102, p. 38. Intoi val of years between 
successive — , " Hint ” No. 7, p. 70. — of nak- 

shatras, § 126, p. 44. Aids to calculation ; certain 
limitations stated, ” Hints ” 13, p. 77. — of Jovian 
samvatsaras ; limitations, ” Hints ” 19, p. 79. 

Examples, — of a true lunar month. To find if this 
occurred by the Arya Siddhanta in any year. 
Examples 27, 29, pp. 100, 103. The same by the 
Surya Siddh&nta, Example 32, p. 100. Conversion 
of the last to Arya Siddhanta reckoning, Examples 
33, 34, pp. 107, 108. And vice versa, Example 36, 

p. 108. 

“SCbya Siddhanta,” The. This name, in the Indian 
Calendar and in this work, applied to the work 
generally knoHH as “ The Present SUrya Siddh&nta,'' 
in opposition to the Original Surya Siddh&nia, § 4, p. 2. 
Its estimate of the rate of annual change in position 
of the sun’s lino of apsides, § 39b, p. 14. Value of the 
46dhya at the epoch of the Kaliyuga era, by — , 
ibid. Dr. Schram’s valuation, in tabular form, 

§ 39d, p. 15. How to convert a result found accord- 
ing to — into a result according to the Arya 
Siddh&nta, §§44-62, pp. 12-23. Corrections to be 
applied, ^id. Example given, § 01, p. 22. Length 

15 
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of tho according to, §46, p. 19. The same 
compart with the Julian yearJongth, §47, p. 20. 
Tho length of its solar months differs from that of 
the First Arya Siddhanta, § 55, p. 21. Its determina- 
tion of the epoch-moment of tho Kaliyuga era, § 141, 
p. 49 ; § 154, p. 53. Elements of — without tho 
bija, § 142, p. 49. Elements of the same with tho 
bija, § 152, p. 53. {See “ Jupiter.”) — agreed with 
the Arya SiddMnta as to tho moment of true Mfisha 
samkranti in A.i>. 496. Proof of this, Additional 
Note i., p. xii. To find tho exact moment of true 
Mesha samkranti by — , including seconds. 
Additional Note IJ.t p. xii. 

Sykodical lvxau month, defined, § 18, p. 7. True 

— new-moon ; when it occurs, § 90, p. 36. Mean — 
now-moon; M'hen it occurs, ibid* True and moan 

— lunar months ; lengths of, ibid, 

“ f,” in tho o, 6, c system of calculation = the tithi-index, 
showing u'hich tithi was current at the given moment. 
How to calculate this, §§ 19 a, 25, pp. 7, 9. To 
convert “ t ” into time, § 22, p. 9. 

Table XXXVllLB., note on preparation of, §§ 188- 
192, pp. 72. 73. 

Tamil couNTny of Sou them Jndia, rule for beginning 
of a solar civil month in — - , § 4.3, p. 1 8. 

Tamils, The, their method of reckoning time for the 
last ten centurids, § 13 a, p. 4. 

Teluov tbacts of Southorn-lndia, tho, method of 
reckoning time in, § i.'U, p. 4. 

Tinnevellv, in Southorn-lndia, tho era used in, 
§42 a, p. 18. 

Trrm. The — , or one-thirtieth of a lunation, § 18, p. 7. 
How generally coupled ^^ith civil days, ibid ; at mean 
sunrise, § 19, p. 7. How to find the time of beginning 
and ending of a — , § 19, p. 7 ; § 19a, p. 7. Time- 
duration of a — ; beginning and ending of a — , how 
oaloulai^d, $ 22, p. 9. Mean and true tithis ; how to 
find the latter's beginning and ending times, § 23, 
p. 9. 

True — ; computation by — , §§ 77-85, pp. 31-^4. 
Impossibility of framing workable Tables for exact 
lengths of — , § 78, p. 31. How to find, approxi- 
mately, and accurately, the time of beginning of a 
true tithi, § 79, p. 32. 

Mean — ; length of a — , § 90, p. 36 ; ** Hints,” 
1, p. 75. Aids to calculation; certain limitations 
stated, ” Hints,” 15, p. 77. Adhika and kshaya 
tithis inauspicious, ” Hints,” 16, p. 78. Other aids 
to calculation of — , ibid, 

Adhika and kshaya, or repeated and expunged ^ . 
The system explained, §§ 86-89, pp. 36, 86. The 
tithi itself not repeated or expunged, §§ 87-88, pp. 35, 
86 . 

Examples, The current true tithi at any time. To find it, 
and the moments of its beginning and ending, 
Examples 20, 21, 22, 22 a, pp. 91-94. To find whether 
a tme — is repeated or suppressed. Example 23, 
p. 95. The ourreut meau — . To find the moments 


of its beginning and ending, Example 24, p. 97. 
— coupled with a solar date. How to test its 
accuraoy, Example 26, p. 99. 

Trrui-iKDzx, result showing, in mean, 

in true, calculation; how converted into time, or 
into lunation-parts, § 20, p. 8. Mean and true 
tithis ; how to find the latter, f 23, p. 9. 

Trotical samxrJLntis, § 16, p. 6 ; § 17, p. 7 ; § 33, &c., 
p. 11 ff. Longitude of sun at — measured from the 
equinoctial point; the vernal equinox, ibid. Not 
o^on calculated for, by Hindil astronomers, and 
the reason why, ibid. How to calculate their times 
of occurrence in any year, ibid. The years when 
tropical and sidereal samkrantis exactly coincided, 
as calculated by different Hindi! authorities, §34, 
p. 12. Rule for finding — by First Arya and SUrya 
Siddhantas, §§ 36-39, pp. 12-14. 

Tropical signs, definition of, § 14, p. 5. 

“ True ” and “ moan ” systems of calculation of time 
in the lunar year. Necessity for framing Tables for 
conversion of one into the other, § 6, p. 2. ** True ” 

and *\mean ” s^^stems of intercalation of lunar 
months, § 97, p. 38. “ True ” and “ moan ” time. 

See “ Hints,” 2, p. 76. “ True ” and “ mean ” 

motions of sun and moon, “Hints,” 5, p. 76; 8, 
p. 76. 

Twelve- YEAR cycle op Jupiter, The. Calculation for 
tho sign in which mean Jupiter stood at any time, 
Example 60, p. 123. also “ Jupiter.”) 

Unit, value of, in quantities “o” and in the 
a, 6, c system of calculation, § 20, p. 8. 

UttarAyana SAaiKRANTi, The, noticed in dates from 
at least tho tenth century A.D., § 13a, p. 4. 

VakAhamihiiia, Hindil astronomer (died A.D. 587), taught 
the sixty-year cycle of Jupiter, § 130, p. 46. The 
Original SUrya SiddMnta known to — , § 169, p. 55. 
Mentions a shifting of the solstitial points, but 
apparently does not attribute it to its real cause, 
viz., the precession of tho equinoxes, § 34, p. 12. 

Vernal equinox. HindCl theory of libration of — , 
§ 33, p. 11. The year of its coincidence with sidereal 
Mesha samkranti, as fixed by the SUrya Siddh&nta, 
Whitney’s commentary on — , § 34, p. 12, and Note. 

VUAYANAOAR KiNOB, The, method of reckoning time 
under the, § 13a, p. 4. 

VlSUXTVA SAMXBiNTIS, § 31, p. 10. 

“ w,'* in tho Tables and Examples » day of the week, 
§24, p. 9. 

Week-day, The. Earliest instance of use of — hi India, 
as yet known, § 13a, p. 4. How to find the — on 
which occurred the astronomkial b^inning of any 
solar year earlier than A.D. 300, § 51, p. 20. The 
numbers given to each — : variation in practice, 
f 167a, Note, p. 62. 

West Coast ov Indu, The, method of reckoning time 
on the, § 13a, p. 4 ; § 42a, p. 18. 

YIdavas or Dbvagiei, The. Their insoription-dates 
seldom mention solar sainkrintis, § 13a, p, 4 . 
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Yxab. The HindQ eolar — ie sidereal and not tropical, 
§ 14p p. 5. Its length, ibid. The luni-solar — . Its 
beginning, how calculated, § 15, p. 6. Intercalation 
and suppression of lunar months adopted so as to 
lit it to the seasons, ibid. Length of the — , ibid. 
Definition of the term “ luni^solar,” § 15a, p. 0. 
The pure lunar — defined, and note on — , § 18, 
p. 7. The Julian — , length of the, compared 
with those of Hindfi authorities, § 47, p. 20. How to 
find the astronomical moment of beginning of the 
solar — for years earlier than A.D. 300, §J 47-54, 


pp. 20, 21. Length of moan sidereal solar — , 
“ Hints,” 1, p. 75. Length of lunar synodic — , ibid. 
Length of mean solar month, or one-twelfth of a 
mean sidereal — , ibid. 

Yoga, The. Bofinitioti of — , § 120, p. 45, How to find 
the current — , Example, ibid\ and Example 47, 
p. 116. Aids to calculation of — . totain 
limitations, “ Hints,” 15, p. 77. 

Zodiacal hions, their correspondence with the 
nakshatras, { 118, p. 42, and Table XXII. 
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